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CHAPTER 1. INTRODUCTION

One of the main purposes of the Endangered Species Act (ESA) of 1973 is“to provide a
means whereby the ecosystemns upon which endangered species and threatened species depend
may be conserved.” The ESA consequently requires the development and implementation of
recovery plansin order to affect the conservation of listed species, and details that recovery plans
must include:

1) adescription of such site-gpecific actions as may be necessary to achieve the plan’s

god for conservation and surviva of the species;

2) objective, measurable criteriawhich, when met, would result in a determination that

the species be removed from the list; and

3) estimates of thetime and cost required to carry out those measures needed to achieve

the plan’s god and to take the intermediate steps toward that goal.
For ESA-listed sdlmon in the western United States, this requirement is no smdl task, as sdmon
habitat is ubiquitous and the actions required to protect or restore the ecosystems on which
sdmon depend are in conflict with nearly every land usein the region.

The ESA provides little guidance concerning the content of recovery plans for individud
species. Therefore, the National Marine Fisheries Service (NMFS) provides additiona scientific
guidance on setting population recovery goals (McElhany et d. 2000), based on the concept of
viable saimonid populations (VSPs). McElhany et d. (2000) identify four types of recovery
goals that must be met in each evolutionarily significant unit (ESU) of listed sdmon: abundance,

productivity, spatid structure, and diversity. An ESU, equivaent to a*“distinct population
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segment” under the ESA, is“apopulation or group of populaionsthat are 1) substantialy
reproductively isolated from other populations, and 2) contribute substantially to the ecological
or genetic diversity of the biological species’ (Myerset a. 1998).

In addition to the V SP guidance, NMFS provides guidance to the Technica Recovery
Teams (TRTs), which are tasked with developing the technical aspects of arecovery plan for
each ESU of listed salmon (NMFS 2000, referred to as the TRT Guidance Document). Inthis
guidance, the habitat eements of the TRT work program are identified as.

1) describe fish-habitat productivity relationships,

2) identify factorsfor dedine and limiting factors, and

3) identify early actionsfor recovery.
The TRT Guidance Document:-goes ontoiindicate that characterizing the habitat/fish productivity
relationship includes assessing the goatia didtribution of fish dbundance for each population in
the ESU, associating fish abundance with habitat characterigtics, and identifying human factors
that have the greatest impact on key freshwater and marine habitat. However, it does not specify
appropriate spatial scaes or resolution levels of data andyses. Moreover, it does not clearly
elucidate the questions that such analyses are intended to answer, especidly as they relate the
population gods for diversity and spatiad structure. The TRT Guidance Document aso stops
short of pecific questions for identifying limiting factors and identifying habitet recovery
actions.

Here we describe how to identify and prioritize the habitat eements of arecovery plan
for samon listed under the ESA. We begin with a conceptua framework for understanding
relationships among land uses, watershed functions, habitat conditions, and biota (Chapter 2).

The conceptud framework relies on principles of watershed and ecosystem management, and
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organizes the habitat-related questions that each recovery plan should attempt to answer. These
questions first address disruptions to ecosystem functions and biological integrity.
Understanding these changes provides the basis for identifying restoration actions that are
necessary to recover the ecosystem upon which salmon depend. A second group of questions
addresses how habitat changes might have affected each of the four population recovery goas
for an ESU of salmon: abundance, productivity, spatia structure, and diversity. Some of these
guestions are relevant at the spatia scale of the entire ESU, whereas other questions must be
answered for each population within an ESU. Answersto these questions are useful in
prioritizing restoration actions identified from assessments of ecosystem functions and biologicd
integrity.

After ligting the important questions; we describe methodologies that-are appropriate for
answering each question. These methods cover initid assessments designed to rapidly describe
conditions across entire ESUs (Chapter 3), as well asinventories that are required to identify and
prioritize restoration actions (Chapters 4). We then describe how to use the information gathered
in these assessments to identify and prioritize restoration actions that are necessary for ecosystem
recovery and for recovery of samon populations (Chapter 5), and how to use new information to
update the recovery plan (Chapter 6). Findly we discuss the issues of scale and uncertainty, and
how to account for them in a habitat recovery plan (Chapters 7 and 8). Several case Sudies are
aso included in Appendicesto give concrete examples of how different questions can be

answered using the methodol ogies we describe in this document.
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CHAPTER 2. ANINTEGRATED ASSESSMENT

APPROACH FOR HABITAT RECOVERY PLANNING

Timothy J. Beechie

In this chapter we briefly describe an gpproach to understanding ecosystemn functions and
habitat change, and explain a series of questions that should be answered in the process of
developing a habitat recovery plan. We begin by describing an assessment approach that focuses
on understanding how agueatic ecosystems that support salmon have been degraded. These
assessments identify the types of recovery actions that are necessary for ecosystem recovery.
Assessing how habitat changes have affected any single species is secondary, but necessary for
understanding which recovery actions are likely to have the greatest benefits for listed species.
We ds0 briefly describe the scientific and practica reasons for choosing this approach. After
describing the genera approach, we describe a conceptua framework for understanding
relationships among ecosystem processes, land uses, habitat conditions, and biota. This
conceptua framework organizes the series of questions that must be answered, and clarifies the
purpose of each assessment method. We aso describe the rel ationships among the different

as=ssments and clarify the sequence in which the assessments can be conducted.

Restoring Ecosystemsto Support Recovery of Listed Salmon

Over the past decade, a number of scientists have pointed out that the listing of sddmonis
largely areault of trying to manage individua species and habitat cheracteristics rather than

managing whole ecosystems (Doppelt et d. 1993). However, emerging management concepts
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such as ecosystem management or managing for biodiversity remanill-defined by their
respective scientific communities, and have not been developed into systems that are useful to
managers. Inthis Stuation, loca managers fed compdlled to act, but they must continue to
apply short-term restoration measures (e.g., placement of log Structures, construction of
spawning riffles, bank protection) that fail to recognize the integrated nature of physicd and
ecologica processes in watersheds, and the importance of life-higtory varighbility to sdmon runs
(Frissel and Nawa 1992, Lichatowich et d. 1995). Therefore, managers continue to define
hebitat “problems’ based on perceptions of what habitat for a particular species should ook like,
rather than on the causes of changes to habitat (Frissel and Nawa 1992), or on habitat changes
that have the largest effect on sdmon populations (Reeves et d. 1991).

Restoration that carefully. considersthe watershed or ecosystem-context is more likely to
be successful at restoring individual or multiple species and preventing the demise of others
(Nehlsen et al. 1991, Doppelt et d. 1993, Lichatowich et al. 1995, Reeves et a. 1995). We
therefore assart that the most important analyses conducted in support of habitat recovery
planning are those that address disruptions to ecosystem functions and biologica integrity. The
god of these assessmentsisto identify aterations of key processes that affect stream
ecosystems, and specify the management actions required to restore those processes that sustain
aquatic habitats and support biologicd integrity. In this approach, restoring specific sdmon
populations (or any other sngle organism) is subordinate to the god of restoring the agquatic
ecosystemn that supports multiple sdlmon species. However, information on habitat changes or
conditions that limit specific sdmon populations can be useful for identifying actions that may

have the greatest effect on sdmon recovery (eg., Reeves et d. 1991). Aslong asall restoration
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actions are congstent with the overriding goa of restoring ecosystem processes and functions,

habitats will be restored for multiple species, but in a sequence that favors one over the others.

Scientific Basis

The scientific bass for this gpproach can be summarized in two important characterigtics
of sdmon and their habitats (Beechie et d. 1996):

1. Sadmonid stocks are adapted to loca environmentd conditions, including the

dynamic nature of their environment (Miller and Brannon 1982, Hedley 1991, Reeves

et a. 1995).

2. Spatia and tempord variations in landscape processes create a dynamic mosaic of

habitat conditionsinariver network (e.g.; Naiman-et-al. 1992).
These statementsimply that sdlmonid species or stocks are adapted to spatialy and tempordly
variable habitats (Beechie et d. 1996), and may further imply that such environmenta variability
isimportant to the long-term survival of stocks or races (Reeves et d. 1995). Perhaps most
importantly, different salmon populations (even some located very close to each other) are
adapted to the different spatia and tempora sequences of habitat conditions found in each
watershed within an ESU.

These two points encapsul ate the basic scientific disagreement with traditiona
management approaches that attempt to manipulate specific eements of sdmon habitat. This
fundamentd disagreement has been varioudy described in the literature as problems with “one-
gze-fits-dl” habitat sandards (Bisson et d. 1997), not managing for spatia or tempora variaion
in habitats (Reeves et d. 1995, Bisson et a. 1997), and addressing symptoms of a disrupted

ecosystem rather than the causes (Frissall and Nawa 1992). At its core, this disagreement stems
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from the fact that traditiona approaches manage for spatialy uniform and tempordly dtetic
conditions. However, traditiona approaches do not consider that loca populations are adapted
to the naturd potentia habitat conditions within their range, and that those conditionsvary in
gpace and time (Beechie et d. 1996). By contrast, identifying the root causes of degradation
(i.e, disruptions to ecosystemn processes and functions) and focusing restoration on those
processes that form and sustain habitats alows each part of the river network to expressits
natural potential habitat, and will help conserve and restore the naturd spatial and tempora
variation of habitats to which salmon are adapted.

We dress that identifying the root causes of ecosystem degradation isimportant for two
main reasons. Firgt, we do not understand most of the linkages between landscapes, habitat, and
sdmon populations with any-great certainty;and we cannot predict-exactly-how land uses ater
habitat conditions or how those habitat changes dter sdlmon populations. In fact, it can be
argued that we are not yet even aware of al the agpects of aguatic ecosystems that sgnificantly
affect sdmon populations. Thislack of knowledge hasin the past led to significant habitat
degradation. For example, in the 1970s the role of wood debris in habitat formation was poorly
understood, and biologists generdly perceived that wood accumulations in rivers hindered adult
upriver migrations. Therefore, biologists recommended widespread wood remova to help
samon (even as recently as the 1980s), but inadvertently severely degraded the habitats they
were trying to improve. Had we rather chosen to recognize that wood debris was a naturd part
of the ecosystemn to which salmon are adapted, we could have avoided significant habitat loss by
choosing management actions that preserved riparian forest processes and natural wood

functionsin channds.
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Second, traditional restoration actions such as bank protection or spawning gravel
placement attempt to build habitats that do not move in space or time, whereas naturd habitats
are often created by movement of river channds, wood debris, and sediment. Therefore, many
retoration actions fail to restore habitats because they do recognize the integrated nature of
physica and ecologica processes in watersheds (Frissell and Nawa 1992, Beechie et d. 1996).
Thislack of knowledge leads to two main types of fallure: 1) Site-prescribed engineering
solutions can be overwhelmed by atered watershed processes that are far removed from
degraded habitats (e.g., increased sediment supply from upsope sources can bury engineered
sructures and poals), or 2) such measures can prevent habitat formation that would otherwise
naturaly occur (e.g., bank protection prevents formation of new off-channd habitats). Avoiding
these types of project failurereguires that-we focus on restoring-ecosystem:processes and

functions that form and sustain salmonid hahitats, rather than on the habitats themsdves.

Practical Considerations

Over the past two decades, scientists have proposed severad new management approaches
that seek to dleviate failures associated with managing individual habitats and species. In
generd, the literature has trangtioned from watershed management (e.g., Swanson 1981), to
ecosystem management (e.g., Johnson et d. 1985), to managing for biodiversity (e.g., McNedy
et d. 1990). However, management regimes for sddmon and their habitats lag far behind the
literature, and it can be argued that mogt jurisdictions are just now beginning to understand and
utilize the advantages of watershed management. During that same time, understanding and
managing for biologicd integrity of running waters became an accepted approach for diagnosing

and monitoring problems related to the Clean Water Act (CWA) (Karr 1991). Currently, the



15
***FOR REVIEW ONLY***
region is faced with widespread listings under the ESA, which states as one of its purposes to
“conserve the ecosystems’ upon which endangered species depend.

On the surface, this array of management approaches and legd requirements presents a
management dilemma: how do we choose an gpproach to implement, and will it adequately
respond to the ESA and CWA? However, the three management gpproaches are in redity closdy
related, and the purposes of the ESA and CWA are a'so similar in some respects. With respect to
the management approaches, watershed processes and biodiversity are both essential components
of the aguatic ecosystems that support sdmon. That is, managing an entire riverine ecosystem
requires that watershed processes be restored and maintained, and that the biodiversity of sdmon
and other organisms be conserved. With respect to legidation, an ecosystem approach will
accomplish the habitat-rel ated-purposes of -both acts, which areto.conserve the ecosystems upon
which listed species depend (ESA), and to restore and maintain the physical, chemical, and

biologicd integrity of the nation’swaters (CWA).
Conceptual Framework for Habitat Recovery Planning

Developing the habitat dements of a sddmon recovery plan requires consderable
information about how different land uses have atered landscape and ecologica processes that
form and sugtain the habitats upon which salmon depend. In this chapter we describe two basic
groups of questions that must be answered to develop a habitat recovery plan (Table 2-1), and
explain how each describes specific components of watershed function. The first group of
questions focuses on identifying disruptions to ecosystem function and the types of habitat
restoration that are necessary for ecosystem recovery. These questions motivate assessments that

identify where the biological integrity of ecosystems has been degraded and where specific
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ecosystem processes or functions are disrupted. The second set of questions concentrates on
how habitats have changed since pre-settlement times and how those habitat changes have
affected salmon and other biota. These questions motivate historical reconstructions of habitat
types and abundance, as well as assessments of relationships between habitat and salmon

population characterigtics.

Key Assessments for Habitat Recovery Planning

For organizationd purposesit is useful to diagram the relationships between the various
assessments that can be used to inform recovery planning. Thefirst set of questions (those
regarding ecosystem functions and biologica integrity) can be separated into two components. 1)
diagnosing aguatic ecosystemimpairment through a multi- metric biologica indicator such as B-
IBI (Karr xxxx), and 2) diagnosing causes of ecosystem imparment through specific
assessments of watershed and ecosystem function (Beechie and Bolton 1999) (Figure 2-1).
Assessing the biologicd integrity of aquatic ecosystems provides two important pieces of
information required in arecovery plan. Firg it identifies where the aguatic ecosystem has been
impaired, and second it can suggest which types of ecosystem functions may beimpaired. A
multi- metric index such as B-IBI assesses the biota directly, and results of these assessments can
be corrdated with landscape and land use factors to indicate potential causes of impaired
biologicd integrity. Assessng ecosystem processes that form salmon habitats directly identifies
causes of degradation and restoration actions that are required to recover ecosystem functions
and biologicd integrity.

The second group of questions (those regarding changes in habitat and sdmon

populations) aso fdl into two groups: 1) assessments that quantify habitat change and then use
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habitat-based modds to estimate changes in fish populations (eg., limiting factors anayss, life-
cyclemodels, EDT), and 2) correlation analyses that relate landscape and land use characterigtics
to fish population performance without directly quantifying changesto habitat (e.g., SWAM). It
should be noted that neither of these assessments directly identifies causes of habitat degradation
or specific restoration actions. However, these assessments have severd important usesin
recovery planning. Firs, they provide habitat- based estimates of potentiad population size for
comparison to estimates from population viability anayses (see McElhany et a. 2000 for
background on use of population viability analysesin describing VSPs). Second, they indicate
which habitat changes are most likely responsible for declines in sdmon populations, and
therefore which categories of restoration actions are most likely to result in increased sdmon
populations. Findly, the ESU-wide correlaion andyses can beused to-hepidentify which

populations are most constrained by habitat loss and therefore may be most difficult to recover.
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Table 2-1. Primary questions to answer in developing habitat recovery plans.

Analysis

Question area Data types

Assessing disruptions to ecosystem functions

and biological integrity
Where has biological integrity been Watershed Fedd
degraded?
Where have watershed processes and Watershed Field/remote sensing
ecosystem functions been impaired?

Assessing changes in habitat availability and

potential impacts on population characteristics
How might habitat changes have altered the ESU or ESU: mainly remote sensing
abundance of individua populations? Watershed Watershed: mainly fied
How might habitat changes have altered the ESU or ESU: mainly remote sensing
productivity of individua populations? Watershed Watershed: mainly field
How might habitat changes have altered the ESU or ESU: mainly remote sensing
diversity of life history patterns? Watershed Watershed: mainly field
How might habitat changes have atered the ESU or ESU: mainly remote sensing
spatia structure of populations? Watershed Watershed: mainly field
What scenarios of habitat characteristics ESU Mainly remote sensing

would support aviable ESU (viable
meaning adequate levels of al 4 VSP
parameters)?
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Figure 2-1. Schematic diagram of linkages among landscape processes, land use, habitat change, and
biological responses. Assessing the biological response directly (e.g., using abiologica indicator)
identifies where ecosystem functions have been impaired, and may suggest causes of impairment.
Assessments of habitat 1oss and resultant salmon population declines can be conducted by
relating historical and current habitat abundance and condition to salmon utilization and survival.
Assessing disrupted ecosystem functions and processes identifies causes of habitat change that
result in diminished biologica integrity and declines in sdmon populations. For ESU-wide
analyses of land use effects on salmon populations, landscape and land use factors can be
correlated with indicators.of population performance (e.9, SWAM:-likeanalyses).
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Sequencing the Assessments

Figure 2- 1 illugtrates that naturd landscape processes are linked to biologica responses
by their effects on aguatic habitats, and that land uses dter habitat conditions by disrupting
natural processes. That is, aguatic habitats are sendtive to landscape processinputs (e.g., water,
sediment, wood, nutrients), and different types of aguatic habitats have differing capacities to
support salmon and other biota. Assessing changes in habitat-forming processes (e.g.,
hydrology, sediment supply, or wood recruitment) indicates how land uses have dtered habitats,
and estimating historical and current habitat availability indicates where habitat changes have
been greatest. Anindex of biotic integrity and can dso indicate the degree to which different
practices have dtered the aguatic ecosystem;.and can identify ecosystem disruptions that may be
missed in the other two assessments. Once the important habitat-atering processes have been
identified, inventories of specific land use actions that cause these changes can be used to
identify habitat recovery options, which may include protection of good qudity habitats as well
as restoration of degraded habitats. Assessments of changesin the abundance or quality of each
habitat type can subsequently be used to make smple estimates of changesin fish abundance,
provided that relationships among different habitat types and salmon abundance can be
edimated. These estimates can then be used to help prioritize recovery actions identified in the
inventories.

In practice, sequencing of the assessmentsis determined by management needs and the
rate at which necessary information can be acquired. At present, habitat restoration is underway,
and the management need for rdiable identification of important habitat recovery actionsis

immediate. However, identification of Ste-specific restoration actions requires time-consuming
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field inventories that are far from complete in many cases. Given thisimmediate need and the
relatively long time frame required to complete the many required inventories, the first
assessments should be rapid assessments of land uses, habitat change, and biological responses
across entire ESUs (Table 2-2). These assessments (discussed in detail in Chapter 3) often rely
on remote sensing data such as satdlite imagery or digita eevation models as primary data
sources (e.g., Lunettaet d. 1997). Other coarse resolution geospatia data sets (such as maps of
land use types, mean annua temperature, or mean annud precipitation) are aso frequently used.
Site-specific data such as barrier inventories or stream habitat data may adso be availablein some
areas, but in most cases these data exist for rdatively few sites and must be extrapolated to most
of the ESU. Therefore, ESU-level questions typicaly will be addressed with broad correlative
dudies that relate |landscape and land use attributes to fish population parameters, without Site-
specific understanding of habitat changesthat have occurred in streams. Referring to Figure 2-1,
these assessments will relate landscape attributes and land use practices directly to fish
abundance or survivd, and ignore causal mechanisms that link landscape processes and land uses
to habitat change or habitat change to fish population response. These ESU-wide assessments
can indicate generd patterns of population declines resulting from different land uses, but the
data are generally too coarse to dlow detailed analyses of habitat change and its effects on fish
populations (e.g., Lunettaet d. 1997, Pess et d. 1999).

Watershed-level assessments are more detailed and time- consuming, and managers
should expect such that such inventories and assessments will take severd yearsto complete.
Such efforts should focus on the full range of potentid habitets in the planning area, including
freshwater, estuary, and nearshore marine areas. The conceptua modd itsef does not limit the

gpatid or tempord resolution of the results. Rather, specificity of resultsis driven by the
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resolution of the data, which in turn is driven by the assessment goals. For example, coarse
resolution remote sensing data might be used to investigate patterns in broad patterns of riparian
dteration within awatershed, which can be used to estimate the overal magnitude of the
problem and to estimate restoration costs for awatershed (e.g., the riparian assessmentsin
Appendix A). However, these data and assessments do not have sufficient detall to pinpoint the
exact nature of the problem & any single site, and field inventories must be conducted in order to
identify ste-specific recovery actions. Similarly, other types of restoration actions such as
removing migration barriers or landdide hazard reduction require field inventories to identify
specific actions. (Note aso that thisremainstrue even if EDT analyses have been completed.)
Asagenerd rule, larger scae assessments help managers understand where landscape processes
have been most dtered, and site-specificinventories identify specific actions that are needed to

restore those jprocesses.

I mplementing Recovery Actions

We support habitat recovery drategies that have an overarching goa consstent with the
ESA (i.e, conserve the ecosystemns upon which listed depend), as well asthe CWA (i.e., protect
the biologicd integrity of aguatic systems). Consistency with the purposes of these two acts will
amplify the assessments needed to identify necessary habitat protection and restoration actions,
and help avoid conflicts that arise from managing for the specific (and often conflicting) habitat
requirements of multiple species. Examples of such agoa are to “protect and restore the
processes that form and sustain habitats to which saimonid stocks are adapted” (Skagit
Watershed Council 2001), “restoration and protection of habitat conditions and processes upon

which the fish depend” (Lower Columbia Fish Recovery Board 2001), or “to have adiversity of
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habitats and natura processes necessary to sustain healthy populations of native species’
(Willamette Restoration Strategy 2001).

Strategies should dso have clearly stated near-term and long-term objectives. Near-term
objectives typicaly should include taking those actions that we dready know are conastent with
conservation of ecosystems that support salmon, such asinventory and remova of migration
blockages, habitat protection through easements or purchase, and protection and restoration of
riparian forests and their functions (see dso Chapter 5 for more detail). Longer term objectives
may include targeted assessments or management experiments to darify which actions are most
beneficid to aguatic ecosystems, as well as implementing larger restoration projects that require
changesin infrastructure or land uses, such as modifying levee systems to reopen accessto
estuary habitats and tidal channels.

Once the gods and objectives of the Srategy are defined, it is important to identify
gpecific questions that must be answered in order to proceed with protecting and restoring
aguatic ecosystems. These questions will generdly be more targeted and specific than those
ligedin Table 2-1. For example, severd of the questions listed in Table 2-1 require that we
know how much habitat has been blocked to sdimon access. An obvious set of questions can be
written to address this topic, including 1) where are the blockages to sdmon migration, 2) how
much habitat is above each blockage, and 3) how much will it cost to repair each blockage?
These questions drive the need for a comprehensve and systematic inventory of stream crossing
gructures (including smal dams, levees, tide gates, culverts, etc.), which can be conducted using
widely accepted standard methods such as the barrier inventory methodology of Washington
Department of Fish and Wildlife (WDFW 1998). Similar sets of questions can be written for

other aspects of ecosystems such as riparian functions or changes in supply of sediment, aswell
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as for understanding the condition of aguatic habitats through inventories of habitat and
biologicd indicators such as invertebrate or fish communities.
We recognize that many jurisdictions and restoration groups are overwhelmed by the
many assessments and inventories needed to enact arestoration Strategy. However, thetask is
not so daunting as it first gppears, provided that one recognizes the long-term nature of it. In
essence, the steps are:
1. Deveop the retoration Strategy.
2. ldentify what you need to know to implement the Strategy.
3. ldentify what you aready know.
4. Act on what you know while you conduct inventories that fill in the data gaps.
5. Revisthe plan-and.actionsasnew informetion comesin.
Steps 1 and 2 describe the overall restoration Strategy. and the types of information required to
implement it. In some respectsthisis the most difficult step. In this Chapter we explained a
restoration strategy that focuses on restoring the ecosystems upon which salmon depend, and
briefly described the questions that must be answered in order to restore them. This generd
approach is supported by the scientific literature, and aleviates savera management conflicts
that may arise from attempts to separately manage individua species and habitat characteridtics.
Adopting a conceptud framework smilar to that described here will help TRTs and locd
jurisdictions to more rgpidly move through Steps 1 and 2, organize their information needs, and
ultimately to better understand the habitat changes that have contributed to sdmon declinesin
the region.

In the following chapters we provide additiona guidance on the specific analyses

required to address certain questions that will arisein recovery planning (i.e., grester detail on



25

***FOR REVIEW ONLY***
Step 2 above). In Chapter 3 we describe how ESU-level assessments can be used to create a
broad understanding of habitat issues affecting salmon populations across an ESU. These types
of assessments will typicaly be under the purview of TRTs, and only provide a generd sense of
the types and magnitudes of land use dterations affecting the performance of different sdlmon
populations. In Chapter 4 we describe more detailed assessments to be conducted within
individua watersheds that identify causes of habitat |oss or degradetion, aswell as changesin
habitat or biologica conditions. Datathat identify causes of habitat change can be used to
develop restoration and protection actions, whereas data describing habitat condition or
biologicd status of streams can be used to prioritize recovery actions and monitor progress
toward recovery.

Steps 3 and 4 are implementationsteps. 1n Chapter Swe discussinterim actions that are
known to be consigtent with protecting and restoring the ecosystems upon which salmon depend,
and aso describe how to use the information collected in various assessments to identify and
prioritize gppropriate restoration actions (Step 3 and 4). Step 3 requires examining dl the
questionsidentified from the strategy and listing which questions are aready answered or partly
answered. In step 4 local jurisdictions can identify areas where causes of habitat degradation or
loss are dready known, and therefore where habitat restoration or protection actions can be
implemented immediately. Over the long term, identification of habitet protection and
restoration actions relies on systematic inventories of causes of biologicd conditionsin streams
and causes of habitat loss. These inventories must be comprehensive and systematic in order to
relidbly identify the suite of possible restoration actions and to evauate their relative importance

to ecosystem recovery. (see aso Chapter 4 and Appendix A).
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Findly, new information acquired over the next severd years will continualy modify our
understanding of how ecosystems have been dtered, and of how those dterations have affected
sdmon populations. We can be certain that much of what we learn will change our prioritization
of recovery actions, and that our recovery planswill need to be updated as new information
comesin. In Chapter 6 we consider how new information can be incorporated into recovery

plans and prioritized lists of habitat recovery actions.
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CHAPTER 3. ASSESSING HABITAT (ESU-LEVEL)

Beth Sanderson and E. Ashley Stedl

There are anumber of motives for conducting broad-scale analyses. From abiologica
point of view, the recovery of salmonids must occur at the ESU scale. For thisto happen, we
need to answer questions, formulate hypotheses, and develop recovery scenarios for the entire
ESU. At the moment, fine-resolution data are not comprehensvely available acrossthe large
geographic areas these analyses must cover. Recovery planning efforts need answers before new
field data can be collected. Broad-scale analyses can use currently available data to quickly
address questions that span large geographic areasin ardatively short period of time,
Standardized and consistent approaches are critical for comparisons both within and across
ESUs. Coarse-scale analyses dso form a starting point for further, more detailed work by
organizing existing data, identifying broad patterns and generating new hypotheses.

Broad- scale analyses are intended to provide initid answersto the primary recovery
questions identified in Chapter 2 (see Table 2-1). How might habitat changes have dtered the
abundance, productivity, spatia structure and diversty of individua populations? And, what
scenarios of habitat characteristics would support aviable ESU? The gpproach is designed to
provide information that links landscape characteristics (land use and land form), habitat, and
fish (see Figures 2-1 and 3-1). The specificsfor individua ESUs will vary according to the
relevant questions, major land forms and land uses, and data availahility.

This chapter describes how linkages between landscape, habitat and fish can be estimated

from available data. The first section describes an gpproach to correlating fish abundance with
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habitat condition over broad spatia scales. The second section suggests methods for organizing
available data to provide estimates of current habitat quantities. This section aso provides
example methodology for evauating how different land uses may have changed the availability
and digtribution of aguatic habitats. Then in the find section, we describe available methods for

quantifying the abilities of these habitats to support healthy and productive sdmon populations.

Correlation Between Fish Populations and Habitat

Examining available data on fish populations and habitat conditionsisafirst step toward
understanding the quantitative rel ationships between samonid populations and the physicd,
chemicdl, and biologica components of their habitat. Many potential metrics of population
performance exist: genetic diversty, juvenile abundance, adult abundance, productivity, juvenile
productivity per adult spawner, etc. Similarly, there are numerous habitat metrics. percent pools,
watershed condition, water temperature, number or concentration of contaminants, etc.
Correation between population performance and habitat condition cannot identify cause and
effect relationships because of correlation among habitat descriptors, correlation between
landform and land use, and the potentid for unmeasured variables to explain exiging patterns.
Corrdative analyses can be used to make predictions about where habitat conditions might limit
or enhance salmon populations, to generate hypotheses for further testing, and to suggest
important factors to control when setting up small-scae experiments, monitoring projects, or
large management experiments (Figure 3-1b).

One example of thistype of andyssisthe Sdmonid Watershed Andyss Modd
(SWAM) (Feg et d. inreview). SWAM isaseries of oatid and Satistical andyses that relate

sdmonid population performance metrics in a particular basin to landscape and land use
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characteristics derived from existing geospatia datalayers. This andyss identifies descriptors
of landform and land use that are corrdlated with fish population performancein agiven
watershed.

SWAM has been used in the SAlmon River basin in 1daho, the Snohomish River basnin
Washington, and the Willamette River basin in Oregon. In these three basins, SWAM used
indices of adult fish abundance (redd counts and adult fish counts a index Stes) as the metric of
fish population performance, and multiple descriptors of landscape conditions across the entire
watershed draining to the index reach as a surrogate for habitat condition. An aternate habitat
metric, conditions in the riparian area directly associated with the index reach, was aso tested in
the Salmon and Snohomish basins.

The spatid and Satistiea. andysesinvolved inthe SWAM-approach-are comprised of Sx
seps. Firdt, conceptua mechanitic relationships between landscape features and population
abundance during al freshwater life-history stages are identified from the literature and from
local habitat biologists. These conceptua relationships define the habitat datalayers to be used
as potentia predictor variables. Second, spatia heterogeneity in the sdmonid population datais
examined to determineif certain areas in the basin consgtently exhibit better population
performance than other areas. Third, the landscape is characterized over the relevant areafor
each index reach. Fourth, landscape data layers are overlaid with the geo-referenced fish
abundance (e.g., redd counts) data. Fifth, a statistical modd is used to describe annualy
cons stent relationships between landscape characteristics and fish abundance. And finaly, these
relaionships are rolled into a predictive mode and gpplied to the entire basin of interest (Figure
3-1b). Many variations on the population and landscape metrics used in this type of andysis are

possible. The best choice for aparticular basin will be driven by available data
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SWAM or SWAM-like anayses provides a broad- brush estimation of fish occupancy
within abasin and a firgt-cut estimate of the coarse-scae factors affecting abundance. In many
cases, corrdative models relating fish population performance to habitat conditions may aso
help identify the best remaining reaches or subwatershedsin a particular basin. If clear
rel ationships between fish populations and habitat conditions exigt, these andyses may suggest
indicator habitat festures and may identify areas that were higtorically productive. Ecologica
indghts developed from these andyses may suggest likely habitet factors limiting population
performancein a particular basin. Experience from these studies can be used to identify habitat
characterigtics to control for when setting up experiments and M& E programs.  Predictions of
aress likely to support strong populations can suggest areas where detailed watershed
assessments and habitat inventories should be conducted (See Waiershed Assessment Chapter in

the document).

ESU-L evel Habitat | nventory

An ESU-levd habitat inventory is amethod for assembling and organizing available
habitat datain a geographic information system. Potentia data sources include remotely sensed
data layers and field-derived data. The most important data layer is the routed stream coverage.
A comprehensive barrier inventory that identifies the type of barrier (naturd, culvert, dam, etc.),
location, and extent to which fish passage is blocked is needed to evaluate and compare the
amount of habitat currently and historically accessible to sdmonids. Data layers describing land
use and landform can be used to classify stream segments and to mode instream habitat
characterigtics. Habitat field surveys will be necessary to calibrate models for predicting

instream habitat characteristicsin areas where thereis no data. Hydromodification inventories
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(i.e, levees, graightening, riprap, etc.), where available, will be useful for estimating changesin

quantities of different habitat types.

Routed Stream Network

For most ESUs, it will be necessary to work at the 1:24,000 scale. Thisresolutionis
required to make sure that the stream inventory includes dl areasthat are used by the species at
any of thelife tages. In many areas, routed hydrographic data have dready been generated by
state or federal agencies at the 1:24,000 scae. For regions where such data are not available, 10-
meter digitd eevation models from the United States Geologica Survey (USGS) can be used to
generate stream networks, aswell as additiond stream variables that are useful, including stream
gradient, stream order, valey width, drainage area, and Side dope gradient.-Once dl Sreams are
identified, individua stream reaches can be coarsdly classified according to habitat type. Feld-
derived data and digital ortho- photographs can provide informetion to vaidate the stream
network and aid in classfication of stream networks. Examples of coarse-scae habitat types
include large maingem habitats, smal maingem habitats, tributaries, and off-channe habitats.
One example of ahierarchica, nested framework for classifying streamsis presented in Chapter
4. This classfication framework isbeing used in recovery analyses, dthough regiond
differences in habitats and available data may necesstate modification of the classfication
categories.

Once al reaches have been classified according to habitat type, the total amount of each
habitat type can be quantified within individua watersheds or regions and across the whole ESU.
In addition, the distribution of habitat types can be compared among different regions or

watersheds within an ESU area. Such comparisons can help identify how the distribution of
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habitat types differs across the ESU, as well as areas where specific types of habitats are rare

(Figure 3-14).

Barriersto Fish Passage

Data sets describing barriers to fish passage include natura barriers such as waterfals
and manmade barriers such as culverts, dams, and levees. Inventories are often available from
date fisheries agencies, data cooperatives, transgportation agencies, and federa land management
agencies. A great dedl of effort is often required to combine and vaidate existing data sets. In
addition, one can expect alarge number of barriersto be listed as “ passage unknown” or
“passable at times” To know how to ded with such data, contact with loca biologists and/or
information describing the life=history strategy:of the species of interest will berequired. The
magjor god of abarrier andyssisto classfy dl stream segments as accessble or inaccessible,

I naccessible streams can be further ddlineated into naturaly inaccessible versus those that have
been cut-off by anthropogenic change. Areas that were historicdly inaccessible but which are
now ble present achalenge. Some uncertainty about whether some streams are
accessble or inaccessible for a particular species will likely remain. This uncertainty can be
quantified and reported to guide later fidld assessments. These analyses can help guide recovery
planning by answering questions about the amount, type, and distribution of habitat thet is

currently inaccessible to sdmonids, and why it isinaccessble (Figure 3-2).

Land-Use and L andform Data

Spatid data detailing landform and land use are needed to link stream habitats to the

larger landscape. These datainclude generdized land cover data available, for example, from
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the 1992 Nationa Land Cover Data project, as published by the USGS. More current Landsat
Thematic Mapper datafor portions of the United States are available for purchase from the
Multi-Resolution Land Characteristics 2000 project, with the compiled data set expected to be
avalablein 2004. The 1:250,000 Land Use Land Cover data are fredly available from the
USGS. Acquiring and formatting these remotely and field-derived datais adifficult gepin
conducting ESU-wide habitat inventories. These data can be used with data describing the
digtribution of habitat types in the watershed to examine the potentia effects of land use on

habitat quantities and quality (Figure 3-1a).

Habitat Field Surveys

Data detailing fine- scale habitat attributes such as poolsand rifflesarerare but often
available for parts on an ESU through state and federal-land management agencies. These data,
when digitized, can be used to develop modes that link landscape-level data about landform and
land use to instream habitat conditions. Models derived from the limited data that do exist can be
extrgpolated to areas having little or no empirica estimates of pool and riffle habitats (Figure 3-
138). Provided data are available, habitat attributes such as pool :riffle ratios might be compared
among land use categories (Figure 3-1a). Such comparisons are an important step in evauating
how interactions between land use and aguatic habitats may impact fish populations, and in

predicting fish population information from indream habitat quantities.

Hydromodification Inventories

Comprehensive hydromodification inventories are rare but extremedy vauable. These

inventories quantify changes in aguatic habitats that have resulted from riprip, channd



34

***FOR REVIEW ONLY***
graightening, levees and other forms of modifications. Such observed data can be used to
characterize the extent and location of modifications within watersheds and across ESUs.
Furthermore, such data can be used to buld models of predicted hydromodifications for areas
where no surveys exist. Fied surveys of riprapped banks, for example, might be used to
cdibrate amode that predicts probability of riprap from such variables as distance to the nearest
road and channd width. Once hydro-modifications have been characterized throughout a
watershed or ESU, these data can be linked with available fish and land-use data. Ultimately,
these characterizations of observed or predicted hydromodifications will enhance our ability to

predict fish population information from instream habitat quantities.

Connecting I nstream Habitatsto Fish Populations

One mgor chalenge of recovery andysesisto identify whether changes in habitat have
atered the abundance, productivity, diversty and spatiad structure of sdmon ESUs (Table 2-1).
Having identified quantities of differing types of habitat available to sdmonids using the ESU
inventory, we can then broadly estimate the ability of habitats within an ESU to support juvenile
and adult saimonids (abundance and productivity). The same habitat data might be used to
examine how the digtribution of habitats across an ESU relaes to the life histories of populations
within that ESU (diversity and spatid structure). In aress where historical habitat
recongtructions are available, comparisons between current and historical habitats are possible.
Such comparisons of current versus historical habitat are one gpproach for identifying possible
factorsfor decline. For example, in the Skagt River Basin, mgor losses from higtoricd habitat
estimatesin coho summer and winter habitats (Beechie et d. 1994) were attributed to

hydromodification associated with agriculture and urban land uses.
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In generd, assessing the ability of habitats to support sdmon populations involves
associating fish dendity, use, and surviva with individua habitat types (Figure 3-1c and see
examplesin Chapter 4). Because comprehensive field measurements of fish dengty in specific
habitat types are generdly not available for an entire ESU, compiled field and literature vaues of
fish dengity in agiven habitat type are needed. Having multiple measurements of fish dengity in
agiven habitat type alows us to bracket our uncertainty in estimating production or capacity by
estimating capacity or productivity as a range of vaues derived from these compiled field and
literature values.

Data needed to estimate capacity of habitats to support samonidsinclude 1) fish
digtribution (juvenile and adult), 2) field data on fish dengty and surviva in pecific hebitat
types (i.e, juvenile dengity intributaries; surviva estimates of juvenilesin-early-rearing habitats,
spatidly explicit spawner surveys, €ic.), 3) measured or predicted fine-scae habitat
characteristics such as pool:riffleglide ratios, and 4) area of laterd habitat (from ESU-
inventory). “Fish digribution” is defined by identifying the areas within the ESU where adults
gpawn and juvenilefish rear. Data used to determine fish digtribution include field observations
when available, and information on barriers and stream gradient. In anidea world, estimates of
the ability of a given watershed to support salmon would be based upon field measurements of
fish dendity within that watershed. Aslong as such data are not comprehensively available,

andyses can make use of fidd data from multiple watersheds and compiled literature vaues.

Conclusion

There are severa advantages to conducting broad-scale andyses of ESU habitats. Firdt,

they dlow usto efficiently examine large geographic areas using the same, cons stent
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methodology. Because of this, we are able to compare results for different geographic areas
within ESUs, clearly one of the mgjor strengths of this method. Second, these coarse-scale
analyses are driven by available data and require limited fine-scale data that are not readily
avallable throughout broad geographic areas. Because data are limited, broad-scae analyses
make use of models or extrapolations of data. Field vaidations will be needed to check how
well these modds and extrapolations reflect redity. Third, these data-driven andyses permit us
to quantify uncertainty (see Chapter 8). And fourth, by comparing habitats across entire ESUS,
these andlyses can help focus recovery planning efforts and identify important aress of research.

The results of these andyses can form afoundation for future andyses, which
undoubtedly must include finer-scale analyses evauating habitat quality and function. One key
chdlenge is how to scae between these fine--and coarse- resolution-gpproaches. Undoubtedly,
there will be times when predictions and results differ; yet conducting analyses at both
resolutions can help identify knowledge gaps, uncertainties, and the best resolution needed to

answer important questions for salmon recovery.
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a. Habhitat type
Mbain siem Tributary
Distribution | Characteristics | Distribution | Characteristics
Land use Urhan 20% Yo riffles 10% % lost
category Forested 30 % % riffles 60% % lost
Agriculture 50% %o riffles 30% %o lost
Total 100% 100%
Habitat  *+————_ Landscape
c. Habitat Fish ‘\ / Land form | Land use Fish
type density : density
(# /m?) Fish {# /m2)
Iain stem 13 Erosive Urban 12
ealo
Tributary 15 genlogy Forested 20
Ag 5
Estuary 20 Mon-erosive Uthan 15
geology Forested
Ag 8

Figure 3-1. Illustration of the kinds of relationships between habitats, landscape, and fish that broad-scale
analyses can examine: Table A illustrates how habitat quantity and characteristics are distributed
across different land uses; Table B illustrates how fish density in three land use categories differ
in erosive vs. non-erosive geologic settings; and Table C describes how fish density differs across

habitat types. The numbers in the tables are completely fictitious and for illustrative purposes
only.



38

***FOR REVIEW ONLY***

Total Inaccessible  Accessible Habitat Loss
Population A 26 8 18 0.308
Population B 9 6 3 0.667
Population C 17 5 12 0.294
Population D 15 0 15 0
Population E 20 4 16 0.2

0.9
0.8 A
0.7 1
0.6
0.5 A
0.4

0.3 1
0.2 1
0 T T T T

Population Population Population Population Population
A B C D E

Habitat L oss

Figure 3.2. Example of possible results for an inventory of accessible and inaccessible habitats. Potentia
units for such an analysisinclude total stream miles, estimated number of pools (100s), nT off-
channel habitat (1,000s), or stream miles of a particular habitat type, such as stream miles suitable
for spring chinook spawning.
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CHAPTER 4. ASSESSMENTS FOR IDENTIFYING AND

PRIORITIZING RESTORATION ACTIONS

Timothy J. Beechie, George R. Pess, and Sarah Morley
In this chapter we describe a number of inventories and assessments that can help answer
three important questions in salmon recovery planning:
1. How have ecosystem processes and functions that support salmon been disrupted by
land uses?
2. Wha are historic and current habitat abundances for watersheds containing one or
more geneticaly digtinct sdmon populations?
3. How have sdlmon populations likely been atered by changesin ecosystems and
habitat conditions?
Thefirg question is driven by the need to identify how the ecosystems that support sdmon have
been degraded and contributed to the decline of sdlmon populations. There are two groups of
inventories required to identify ecosystem disruptions: identifying atered ecosystem processes
and identifying impaired biological integrity. The first group of inventories describes historica
and current ecosystem processes and functions (e.g., sediment supply, riparian functions, habitat
connectivity) in order to determine which of them have been disrupted. The second set of
inventories identifies locations where biological integrity has been impaired, and can indicate
potential ecosystem disturbances that process assessments may miss.
The second and third questions are closely related, and are motivated by the need to

estimate population gods for sdmon stocks within an ESU. In Puget Sound, the TRT for
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threatened chinook salmon first estimates population goas by population viability andyses,
which do not account for availability of habitat. The habitat-based method described here
provides an independent estimate of the historical spawner abundance or smolt production,
which the TRT can use for comparison with estimates made by population vigbility anadyss.
Asessing both the historica and current conditions within awatershed help in addressing these
two questions. Contrasting the historica and current conditions provides an indication of the
types of habitats most impacted and where those impacts have been grestest, which is useful for
prioritizing habitat restoration actions identified by the ecosystem assessments. In aggregate,
these three inventory and assessment questions provide alist of restoration actions needed to
support salmon recovery (as well asto address the CWA), and provide the information needed to

ascertain which actions will-have the greatest.impact on recovery-of-local-salimon populations.

Assessing Degradation of Ecosystem Processes and Functions

Figure 4-1isaconceptud diagram illustrating how watershed controls (ultimate and
proximate) and natural landscape processes combine to form various habitat conditions.
Ultimate controls are independent of land management over the long term (centuriesto
millennia), act over large areas (>1 kn), and shape the range of possible habitat conditionsin a
watershed (Naiman et a. 1992, Beechie and Bolton 1999). Proximate controls are affected by
land management over the short term (i.e., decades), act over smaler areas than ultimate
controls, and are partly afunction of ultimate controls (Naiman et d. 1992).

L andscape processes are typically measured as rates and characterize what ecosystems or
components of ecosystems do. For example, sediment or hydrologic processes in awatershed

may be characterized by the rates (volume/arealtime) at which sediment or water is supplied to
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and transported through specific locations of awatershed. Certain riparian functions can be
viewed smilarly. For example, wood recruitment to streams from riparian forests and wood
depletion from the channdl are both rate functions. Natura rates of landscape processes are here
defined as those that existed prior to norn-Native American settlement and devel opment
activities, mainly forestry, agriculture, and rura and urban residentid and commercid
development.

Ecosystemn processes and functions to inventory should include (at aminimum)
hydrology, sediment supply, riparian functions, channd-floodplain interactions, habitat isolated
from salmon access, and water qudity (Table 4-1). Thissuite of inventoriesis based on current
scientific knowledge of their effects on sdmonid habitat and surviva of sdmon in freshwater, as
well as knowledge of how various |and use practices affect the processes. The list may not
include dl impacts to sdmaon in awatershed, but it includes those that are clearly supported by
scientific literature and that are responsible for a significant proportion of the total lossin samon
production from Pacific Northwest river basins (e.g., Meehan 1991, Beechie et a. 1994, Beechie
et al. 2001). For each process a series of diagnostics can be devel oped based on rates from
scientific literature and local sudies.

These inventories identify 1) the natural landscape processes active in awatershed, 2) the
effects of land use on natura processes, and 3) the causal relationships between land use and
habitat conditions. Habitat restoration and protection actions resulting from these assessments
are directed a protecting and restoring beneficid habitat-forming processes instead of attempting
to build specific habitat conditions (Beechie and Bolton 1999). These assessments
systematicaly identify land use disruptions to habitat-forming processes at two levels of

resolution. Coarser level assessments |locate disturbed habitat-forming processes using a
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combination of Geographic Information System (GIS) data and field-based inventories to
identify dterationsto peak flows, sediment supply, riparian conditions, blockages to sdmon
migration, water quality, and channd and floodplain interactions. These assessments provide
broad-brush screening tools for understanding where processes are disrupted, and in some cases
for estimating total codts of restoration actions. The finer level assessment rdlies soldly on fidd-
based inventories and identifies specific restoration or protection actions that are required for
recovery.

Inventories of ecosystem processes and functions can be grouped into three categories: 1)
distributed watershed processes (Smilar to non-point sources, such as sediment supply), 2)
reach-level processes that primarily affect the adjacent reach (e.g., riparian functions), and 3)
other ecosystem functions (e.g:;habitat-connectivity). - The inventory: of disruptions to distributed
watershed processes has two levels of resolution: a coarse resolution that identifies areas within a
watershed where land uses have increased rates above natural background levels, and a detailed
fidd inventory that identifies specific areas where restoration actions are needed. Inventories of
disruptions to reachtlevel processes can aso have two levels of resolution: a coarse resolution
andysis that broadly indicates patterns of degradation in the watershed, and a detailed field
inventory that identifies site-gpecific disruptions to reach-level processes and potential
restoration actions. Other ecosystem functions are necessary attributes of ecosystems that are not
readily andyzed asrates or levels of function. For example, barrier inventories describe where
habitats have been blocked to sdlmon access, and flow diversion inventories describe direct
dteraion of flow regimes a multiple points. Neither type of assessment neatly fitsinto the

categories of watershed-level or reach-level processes.
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W ater shed-level Processes

Watershed level processes are those that have multiple, widdy distributed sources,
including sediment supply, hydrology, and inputs of nutrients or peticides (Table 4-1).
Describing how these processes have been disrupted and what restoration actions are required for
their recovery requires two different kinds of assessments. Firdt, process assessments identify the
degree to which process has been dtered by land use, and where in each watershed these changes
have occurred. Second, inventories are required to identify where specific restoration actions

must be taken in order for recovery to occur.

I dentifying alter ed water shed processes

We present two main gpproaches to understanding disruptions to these processes:
budgeting and landscape indicators based on known relationships of certain land usesto the
parameter in question. The budgeting approach is most often used for sediment supply and inputs
of nutrients or pesticides to water bodies. The genera budget can be stated in equation form:

DS=1-0
Where, DSis changein storage, | isinput, and O is output. In essence, Sisthe stream condition
for any parameter (e.g., the amount of sediment or of a pesticide in the stream), and quantifying
changesin inputs or outputs indicates how land uses have dtered the stream ecosystem. In many
cases, it may only be necessary to quantify how inputs have been dtered by land uses, which is
cdled apartia budget. That is, where changes to outputs are negligible, an increased input is

equa the change in storage and to the altered stream condition. Therefore, it is not necessary to
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understand output processesin detail (e.g., sediment transport) in order caculate changein

storage and to understand how the stream ecosystem has been atered.

Landscape and land use indicators of changes to watershed processes can also make
vauable assessment tools. Where there are known rel ationships between land uses and changes
to processrates (e.g.,), Smple screens can be developed to indicate where specific processes
have likely been dtered. For example, known reationships among zoning, impervious surface
area, and changes in hydrologic processes and biota have been used in indicate changes
hydrologic regime in urban areas (see Appendix A). Where impervious surface aress are less
than 3% of the watershed area, hydrologic regime is not sgnificantly different from one with no
impervious surfaces (Booth and Jackson 1997). However, where impervious surfaces are more
than 10% of the watershed area; hydrologicregime has likely-beendtered to.the point where
changes in biota are severe. Smilar coarse screens can be developed for other watershed
processes such as pegticide runoff from agricultural aress.

For any watershed process, elements of the two approaches may be used in tandem to
make best use of limited field information and to focus field efforts in areas with ahigh
likelihood of disruption. Limited field data can be used to generate Satistica relationships
among landscape or land use factors and the parameter being assessed, and these correlations can
then be used to identify areas of the landscape processes are likely. For example, partia sediment
budgets for 10 sub-basins in the Skagit basin (covering approximatey 10% of the watershed
area) quantified sediment produced by landdides since the 1940s using the agrid photograph
record (Paulson 1997). From these data, Skagit System Cooperative compiled average sediment
supply rates by lithologic group and land use in order to estimate average sediment supplies for

the remaining watershed area (see Appendix A). These average sediment supplies were then
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mapped in the rest of the watershed using GIS, and average sediment supplies were caculated
for each sub-watershed areain the basin. This coarse screen indicates where average sediment
supply from landdiding has likely increased more than 50% over naturd rates, and where

restoration or rehabilitation may be necessary.

Identifying restoration actionsfor water shed processes

There are two types of restoration actions that may be taken to restore watershed
processes. active and passve. Passive restoration actions are those where aland useis removed
or dtered in such away that a process recovers naturaly. Active restoration projects are those
where specific interventions are used to assist recovery of awatershed process. In generd,
remote sensing methods and mapping are used to identify areas for passive restoration, and field
inventories are required to identify active restoration projects. For'example, mapping of landdide
hazard areasis used to identify areas that are particularly prone to landdiding, and sengtiveto
land uses such as clearcut logging or road building (Figure 4-2). Such maps are tools for passive
restoration, which alows recovery sediment supply rates by preventing or modifying land uses
within hazard areas. Second, inventory of road landdide hazards identifies specific areas for
active restoration. Road inventories should identify segments of road that are at risk of falure
(e.g., Renison 1998), as wdll as specific stream crossings, crossdrains, or fillsthat are likely to
fal. Each potentid falure Site can be itemized on project lists for retoration action. The
restoration actions can then be prioritized based on potential impact to stream habitat, smolt

production, and cost (see Chapter 5).
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Reach-level Processes

Reach+level processes are those processes that directly affect the reach of interest and
where the most direct linkages between land uses and habitat dterations arelocal (Table 4-1).
These processes mainly include riparian functions and floodplain-channd interactions. An
extensive body of literature describes linkages between riparian forest functions and stream
habitat, which in turn affect the productivity and abundance of sdmonids. Riparian functions
include supply of wood and ledf litter to streams, shading, and root reinforcement of stream
banks and floodplain soils. For this example we focus on recruitment of wood to streams and its
function in channds, which are among the most studied of riparian functions (e.g., Murphy and
Koski 1989, Bilby and Ward 1991, Montgomery et al. 1995, Abbe and Montgomery 1996,
Beechie and Sibley 1997). Theleve of wood inputor ather riparian functions increases with
increesing width of forest buffer-on streams (Figure 4-3), and the proportion of the function
occurring within a given distance of the channd edge varies by function (Seddll et d. 1997).
These relationships can be used to evauate the current atus of functiond interaction between a
stream reach and riparian area, and indicate whether existing levels of riparian protection are
sufficient to ensure continued function.

Floodplain-channd interactions and their effects on habitat are less clear in the literature.
However, effects of riprapping and leveaing of rivers on isolating habitats and the magnitude of
those losses has been documented (e.g., Beechie et a.1994, Beechie et a. 2001). Methods for
detecting and quantifying such changes are sraightforward and rdatively inexpensive (see

Appendix A). Effects on land uses on the dynamics of riversis aso clear, but the resulting
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effects on habitat abundance and quality are not. Therefore, we do not suggest extensive analyses
of changesto river dynamics at thistime.

Aswith watershed level processes, there are two types of assessments required for reach
level processes. The firgt assessment identifies where reach level processes have been disrupted.
The didribution of riparian conditions at this larger spatia scae can provide agenera sense of
the change in riparian function from historic conditions (e.g., Lunetta et a. 1997).
Subwatersheds where the current distribution of riparian conditions deviates markedly from that
expected under anaturd disturbance regime are locations where riparian restoration efforts may
be appropriate. The same data can aso help managers understand how different land use
practices differ in their degree of impact on riparian functions. These relationships can then help
asessthe potentid impacts of large- scaleland use palicies onsalmon-habitat-recovery (e.g.,
evauaing potentia effects of growth management legidation).

Because of limitations in the satellite classfication of riparian forests, fidd inventories of
riparian Stes must be used to identify specific restoration actions. Field inventories may consst
of initid measurements and dlassification from aeria photography, combined with fidd
confirmation of the riparian vegetation conditions for each stream reach. At aminimum, they
should classify riparian conditions by buffer width, stand type, and age of vegetation. From the
data, managers can identify impaired or moderately impaired stream segments (i.e., those with
forest buffers <40 m wide), determine the likely cause of that impairment, and identify required
restoration actions.

Regardless of current condition of riparian areas, establishing protected areas dong the
channe where naturd riparian vegetation can develop through time and interact with the stream

IS anecessary component of riparian restoration. Active restoration efforts may be appropriate a
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currently impaired Stes. Riparian retoration may include the planting of desired riparian plant
gpecies or manipulation of the exigting vegetation to accel erate tree growth and the devel opment

of desired stand structura characteristics (Berg et a. 1996, Beechie et d. 2000).

Other Ecosystem Functions

[Here we will discuss severd examples of inventory of blocked tributary habitat. We
will dso put in another example besides the Skagit, add more information about the criteria used

to determine blockages, and discuss)]

Impaired fish passage

Stream crossing structures that block fish access to useable habitats can account for as
much as 50% of lost smolt production from tributaries in Puget Sound river basins (Beechie et d.
1994, Beechie et d. 2001). Assessing such isolation of habitats is one of the Smplest inventories
that can be conducted because criteriafor fish migration blockages are relatively clear and
identifying the amount of habitat affected involves little subjectivity. Moreover, combining
these inventory results with cost estimates for restoration actions alows managersto rank the
cost- effectiveness of individud projectsin order to more effectively direct the expenditure of
limited restoration funds.

The Stillaguamish and Tuldip Tribes used such an inventory to identify isolated habitet
projectsin the Stillaguamish River basn (Figure 4-4 [need to insart it]), following the Fish
Passage Barrier and Prioritization Manua of Washington Department of Fish and Wildlife
(WDFW 1998). Based oninventory of 500 structures as of 1998, they identified 50 structures

that do not meet passage criteriaon tributaries, _ that require a more in-depth hydraulic
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anadysis to determine whether or not they meet the criteria, and ___ that meet passage criteria
(Stevenson and Griffith, unpublished data). Theremaining _ structures, mainly those on side
channels or distributary channelsthat are currently disconnected from the river, were labeled
“unknown” because passage cannot be evaduated until designs for reconnecting river flowsto
these channels have been devel oped.

Using thisinventory the Stillaguamish and Tuldip Tribes evauated the cogt- effectiveness
of projects based on the habitat area upstream of the project, multiplied by the average life span
of ablockage (~50 years) and divided by the cost of the project. These results dlowed the tribes
to identify the most cost effective projects for reconnecting blocked tributary habitats based on
benefits to multiple sdmonid species, aswell as costs of recongtructing individua stream

crossings.
Water diversions
[Michdll€ s section]
Assessing Biological Integrity

A key component of sdlmon habitat isthe stream biotaitsdlf. Invertebrates, amphibians,
diatoms, and other stream organisms are integra parts of the aquatic food web upon which
endangered fish species depend. These assemblages are dso sendtive to avariety of watershed
disturbances expressed over multiple spatia scales, and therefore excdllent indicators of stream
condition. Unlike anadromous fishes that are subject to awide variety of human disturbancesin
the marine and freshwater environment (e.g., migration blockages, interaction with hatchery fish,

damaged estuarine habitats, or oceanic overharvest) less migratory stream organisms (such as
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benthic invertebrates) often provide amore accurate reflection of site condition. Over the past
century, biologica assessment (measuring and evauating biota directly) has ranged from
saprobien indexes (Hilsenhoff 1982), to toxicity testing (Buikema and Voshdl 1993), indicator
species abundance (Farwdl et d. 1999), diversty indexes (Wilhm and Dorris 1966), and more
recently to multivariate models (Wright et a. 2000) and multimetric indexes (Davis and Simon

1995).

Multivariate models

In this approach a predictive modd is devel oped based on alarge (» 200 Sites) data set of
reference (minimaly disturbed) sites (Reynoldson et d. 2001). Using multivariate Satistica
analyses, references Stes aremaiched to-aset of habitat descriptorsi(e.g:; stream order, elevation,
efc.) and dassfied into groups. Leve of imparment at.agiven sample siteis then determined by
comparison to the appropriate reference group. This gpproach has been most widdly applied in
England with the development of RIVPACS (River Invertebrate Prediction and Classification
Sysem), in Audrdiawith AUSRIVAS (Audrdian River Assessment Scheme), and with
BEAST (Benthic Assessment of Sediment) in Canada (Wright et d. 2000). In the Pecific
Northwest, multivariate models have been developed in British Columbiafor the Fraser River
basin (Reynoldson et d. 2001) and in Oregon with the BORIS (Benthic Evaluation of Oregon
Rivers) modd (Canale 1999). Based on benthic invertebrates, BORIS scores asite from O
(severe impairment) to 100 (comparable to reference condition). A RIVPACS-type predictive
model gpplicable to wadeable streams throughout western Oregon and Washington is currently

being developed (Hawkins and Ostermiller 2001).
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Multimetric indexes

Multimetric indexes, such as an index of biologicd integrity (IBI), integrate empiricaly
tested attributes (metrics) of stream biotas (Karr and Chu 1999). This approach was first
developed using fish communitiesin the midwestern United States (Karr et &. 1986), but has
snce been modified for avariety of assemblages—maost commonly fish (Simon 1998),
invertebrates (Kerans and Karr 1994), and algae (Hill et a. 2000). At the natiord levd, the
rapid bioassessment protocols used by the U.S. Environmenta Protection Agency are based ina
multimetric gpproach (Barbour et d. 1999). Aswith multivariate models, IBIs and other
multimetric indexes are regiondly cdibrated based on ecoregion designations and locdl
reference conditions. In the Pecific Northwest, an IBl using benthic macroinvertebrates has been
cdibrated with data from the Puget Sound lowlands of Washington (Kleindl 1995, Morley
2000), and from southwestern (Fore et a. 1996) and northwestern Oregon (Adams 2001). This
index, known as the benthic index of biologica integrity or B-1BI (Karr & Chu 1999), is
composed of ten measures of taxa richness, population structure, disturbance tolerance, and
feeding ecology (Table 4-2). When scores from these metrics are summed, B-1BI provides a
numeric synthesis of site condition that ranges from 10 (poor) to 50 (excellent), and can

determine five categories of resource condition (Doberstein et . 2000).

Applications

State regulatory agencies in Washington (Department of Ecology) and Oregon
(Department of Environmenta Quadity) both currently use a combination of multimetric and

multivariate approaches to assess the condition of streams and rivers (Mochan and Mrazik 2000,
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Fotnikoff and Wiseman 2001). Instead of focusing on the response of only one speciesto
habitat alteration, biocassessment protocols such as B-1BI or BORIS provide integrative
ecological measures of stream condition that are based directly on the organismsthat live there
(Angermeier 1997). As such, these bioassessment tools can be used as measuring sticks to
characterize the level of impairment in astream basin, identify causes of degradation, evauate
the effectiveness of restoration actions, and identify areas of high biologica integrity for
conservation (Barbour et a. 1999, Morley and Karr in press).

In the Puget Sound region, B-1BI has been applied by city and county agencies (King
County 1996, Thornburgh and Williams 2000), university scientists (May et d. 1997, Larson et
al. 2001, Morley and Karr in press), and volunteers (Fore et al. 2001) to report on the biologica
condition of surface weaters; to-screen watersheds for further physical or-chemical monitoring,
and to evauate various restoration and conservation strategies. In'Washington State, B-1BI has
been used to evaluate wood placement in both forested (O’ Nedl et d. 1999) and urban basins
(Larson et d. 2001). Studies done at the University of Washington have examined how B-1BI
responds along a gradient of human disturbance—be it forestry (Fore et a. 1996), urbanization
(Morley and Karr in press), or recregtion (Patterson 1996)—knowledge that allows managers to
identify critical areas for protection or further monitoring. Water resource agencies such as
Snohomish County Surface Water Management in Washington State currently uses B-1BI in
conjunction with chemica and physica datato track the hedth of their sreams over time
(Thornburgh and Williams 2000).

Tuning retoration efforts to ste-specific needs is dso enhanced by using biology to ad
in the detection of the primary causes of degradation. Multimetric indexes such as B-1BI provide

anumeric synthesis of the biologica dimensions of Site condition, but they can aso be broken
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down to derive descriptive and potentidly diagnostic information from each of the component
metrics (Karr et d. 1986). In Washington State alone there are hundreds of species of stream
invertebrates—each with specific life-history requirements and varying tolerance to specific
forms of disturbance (Rosenberg and Resh 1993, Merritt and Cummins 1996). Stoneflies, for
example, generdly require cool, well-oxygenated waters while many invertebrates thet are
classfied as“clingers’ prefer sable and sediment-free substrate (Merrit and Cummins 1996). In
urban streams of the Puget lowlands, Morley and Karr (in press) found a positive correlation
between clinger taxa richness and measures of substrate size didtribution. Other studies have
indicated that mayflies may be excdlent indicators of heavy metd contamination (Kiffney and
Clements 1994, 1996, Kleindl 1995). Further investigation of the relationships between specific
metrics of B-1BI and particular-effects of human disturbance isneeded.-Knowledge of these

relationships could be an important guide to diagnosing the site-specific causes of degradation.
Estimating Current and Historical Potential Fish Production

Watershed assessments for estimating current and historica habitat availability and
production potential require associating seasond fish use and surviva with a habitat type
(Reeveset d. 1989, Beechie et d. 1994), and quantifying areas of different habitat types.
Quantifying fish use of different habitat types requires specific sudies designed to identify these
relationships (e.g., Bisson et d. 1988). However, it may not be necessary to develop new
relationships between fish use and habitat types in each watershed if it can be demongtrated that
fish use and comparable habitat types are smilar to those in previous studies. For example,
different juvenile Pacific sdmon species spatidly segregate into different habitatsin a

watershed, asillugrated in Figure 4-5 (Pess et d. in press). Steelhead (Oncorhynchus mykiss),
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coho (O. kisutch), and ocean-type chinook (O. tshawytscha) have higher dendtiesin specific
habitat types for the same life ages. Juvenile sedhead utilize dl habitat typesin asmilar
fashion, while juvenile coho have greater preference towards dower water habitat such as side
channels and ponds, as evidenced by higher dengitiesin those areas. Ocean-type juvenile
chinook prefer mainstem and estuary environments. Adult Pacific saimon are aso tempordly
and spatialy segregated during the spawning life stage (Lichatowich 1999, Montgomery et d.
1999).

Unlike fig+habitat type associations, habitat data are not transferable across watersheds
because the naturd potential and effects of land use vary by watershed (Lunetta et d. 1997,
Beechie et d. 2001, Callins and Montgomery 2001). Therefore, habitat inventories must be
conducted separately in eachrriver basinor-planning area. Assessmentsfor estimating hitorica
and current habitat are conducted in three steps. 1) identify habitat types, 2) estimate historical
and current habitat abundance by type, and 3) estimate production potential based on habitat-fish

relationships.

| dentify Habitat Types

A habitat classfication system suitable for estimating historica and current habitat and
potentid fish production must have two main attributes. First, andysts must be able to associate
fish abundance and surviva with each habitat type in order to estimate totd fish abundancein a
watershed. Second, it must be possible to quantify historical and current habitat areasin order to
estimate changes in potential production over time. We recommend a suite of habitat types a
two hierarchical scaes, coarse and fine (Table 4-3). The coarser resolution of habitat types can

be mapped from remotely sensed data at the reach scale (e.g., topographic maps, aerid
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photography, or satdllite information), whereas the finer resolution of habitat types must be
identified in the fidld a the habitat- unit scale (sometimes with the aid of aerid photography).
Because these typing systems are nested, al reaches within awatershed can be drétified by
landscape and land use factors using the remotely sensed coarse-resolution data, and reaches
within each strata can be subsampled to develop an understanding of habitat types within each
reach type. This hierarchica relationship enables extrgpolation of habitat conditions for
unsampled reaches within the watershed.

Stratification of reach types may include severa different landscape and land use factors,
dthough ardaively smal number of Srata are desirable to reduce the complexity and number
of assumptions and caculations. For example, tributary reaches may be dratified smply by
dope and land use in order toidentify changes in pool.area asaresult.of land-uses (Beechie et d.
2001). Thisdraification isuseful because reaches of different dope have different natura
potentias for pool formation (e.g., Montgomery and Buffington 1997), and reduced wood
abundance (a common impact of land use) has amore pronounced effect on pooal frequency and
areain certain dope classes (e.g., Montgomery et a. 1995, Beechie and Sibley 1997). The same
dope classes are not particularly relevant for large rivers, where some combination of dope and
discharge may be more useful in predicting natural channel patterns (e.g., Leopold et a. 1964).
Stratification by potential natura channd pattern and land use can be used to help identify where
river and floodplain interactions have been dtered, and therefore where changes in the finer-

resolution habitat types have occurred.
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Estimate Current and Historical Habitat Abundance by Type

Methods for estimating current and historica habitat abundance differ anong habitat
types. For example, estimated changes in tributary pool areas are based primarily on datafrom
reference steswithin the study area (Beechie et a. 1994), whereas estimated changes in channe
and wetland areas on deltas are primarily from maps and survey notes made prior to extensive
settlement by non-Native Americans in the mid 1800s (Collins and Montgomery 2001).
Therefore, it is not possible to describe a single methodology for ng changes for dl reach
types. Ingtead, we provide an overview of different methods that one might use for assessing
habitat conditions higtoricaly and a present. More detail on individua methods can be found in
Beechie et d. (1994), WDFW (1998), and Collins and Montgomery (2001).

Reduction of pool aressin tributary habitats can be estimated by comparing pool areasin
streams impacted by land use topool areas in reference streams relatively unimpacted by human
activities (Beechie et d. 1994). Even in watersheds unaffected by logging or other land use,
factors such as wildfire, debris torrents, or floods introduce variability in habitat conditions
among reaches (Bisson et d. 1997). Therefore, enough reach typesin each stratum should be
sampled in both impacted and reference watersheds to assess the variability among reachesin the
relative abundance of different habitat types. This variability can aso be reduced by ensuring
that reference streams are as Smilar as possible to those in impacted areas with respect to
geomorphic setting and potentia natura vegetation. That is, dratification of reach types for
sampling will help limit varighility within reach types and increase chances of detecting
differences between impacted and unimpacted reaches. A smilar gpproach can be used for

larger rivers (e.g., >30 m wide), athough processes of habitat formation and the range of habitat
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typesin these rivers differ from thosein tributaries, and the availability of appropriate reference
reaches may be limited (Collins and Montgomery 2001).

A second approach for assessing habitat changesin larger channels uses historical records
and maps to reconstruct historica habitat conditions. Higtorica areas of dough habitats (both
sde channds and distributaries) can be estimated from historical maps, notes, and photos, and
often can be field verified by resdud evidence of their prior locations (Beechie et al. 1994,
Collins and Montgomery 2001). Present day areas can be measured from aeria photographs and
inthefield. Comparisons of the two inventories identify areas of sgnificant habitat loss and
suggest how land uses have changed habitat-forming processes. Similar methods are used to
identify losses of off-channd habitats on floodplains.

Changesto |ake areasare measured-directly from historical-and-current maps (Beechie et
a. 1994), and typically indicate where rivers have been dammed for hydropower or water
supplies. Lake areas tend to increase, whereas mainstem and tributary habitats are inundated by
reservoirs and decrease in extent. Pre-settlement beaver pond areas can be estimated based on
frequencies of beaver pondsin rdaively prigine areas (e.g., Naiman et a. 1988), and present-
day pond areas within the study area can be measured using fied surveys and aerid
photography. Losses of beaver pond habitat are then estimated by comparing estimates of
historical and current areas (Pollock and Pess 1998).

Portions of tributaries that are no longer ble to sdmon can be mapped usng
inventories of habitat upstream of migration barriers. Naturd barriers to sdmon migration must
first be identified to delinegte the assessment area. All Structures crossing streams within the
assessment area (culverts, bridges, smal dams) should then be inventoried to determineif they

meet passage criteriafor sdmon. Findly, habitat areas upstiream of each manmade barrier must
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be surveyed to determine how much habitat is inaccessble (i.e., that area upstream of the
identified barrier and downstream of the natura barrier to sdmon migration). Use of a
standardized method for determining blockages (e.g., WDFW 1998) will streamline
identification and prioritization of isolated habitats and provide a tandard set of criteriafor

monitoring progress toward reopening these habitats.

Estimate Production Potential Based on Habitat-Fish Relationships

At its Smplest, smolt production potentia from a given hebitat type or areais calculated

habitat area x average fish dendty x surviva to smolt. Q
However, comparing the impact-of different habitat aterations onsmolt production potentia
requires making separate estimates for each habitat type. Thus, the production potentid of a
habitat for each life sage (e.g., spawning, egg to fry, summer rearing, winter rearing, smolt

migration) can be expressed mathemdticdly as

%y ey 0, O
N=C3 &R AT 4,7
i-1&@j=1 @ 127}

2

where SA;; isthe sum of areas of dl habitat units (j =1 through n) of typei, and d; isthe density
of fish in habitat typei. To compare capacities among life stages and identify which habitats
may be limiting smolt production, the population estimate (N) for each life Sagein agiven
habitat is multiplied by dengity independent surviva to smolt stage so the capacities can be
compared in terms of number of smolts ultimately produced (Reeves et a. 1989). Equation 2

can also be used to estimate historical spawner capacity based on estimates of historical habitat
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availability. Both spawning and rearing capacities can then be incorporated into assessments of

factors that limit population sze.

Examples of Application

Two examples of this assessment procedure are a historical assessment of coho sdmon
rearing habitat and smolt production lossesin the Skagit River basin (Beechie et d. 1994), and a
amilar unpublished study for the Stillaguamish River basin (Pess et d. 1999b). Inthese
assessments, inventories of current and historical habitat types and abundance provide the basis
for estimating hitorica and current smolt production. Both studies used habitat- specific rearing
densities and average seasond survivals from Reeves et d. (1989) to estimate historica and
current coho salmon smolt production, evaluate the effects of; different land uses on coho
production, and identify recovery of logt off-channel habitats such as doughs and ponds as a
necessary focus for any recovery effort intended to significantly increase coho smolt production
(Beechieet d. 2001). A amilar effort to estimate population responses of ocean-type chinook
sdmon to habitat changeis currently underway in the Skagit River basin. Because of the
importance of estuary rearing to ocean+type chinook, the assessment will aso include

relationships devel oped for estuarine rearing habitat.

Conclusions

Assessments of the current and historica conditions of a watershed can greatly improve
our effortsto plan, implement, and monitor habitat restoration for the recovery of Pacific salmon.
Systematically collected habitat data, a more thorough understanding of fish responses to habitat

change, and a greater understanding of stream biotawill dlow refinement of the modding tools
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used to predict fish and other biologica response from gpplication of different restoration
drategies. These refinements will improve estimates of rates and pathways of recovery for many
sdmonid speciesin Puget Sound rivers, and assst in prioritizing restoration actions. However,
many of these refinements are il severd years from completion.

In the interim, systematic inventories of disrupted habitat-forming processes and
blockages to sdimon migration should be conducted to provide a complete river basin overview
of necessary restoration actions that can be prioritized and sequenced logicdly. A minimum set
of inventories for Puget Sound river basins should include barrier inventories, landdide
inventories, floodplain and riparian characterization, channel and valey type classfication, road,
and biologicd indicator inventories. Some of these data are dready available for parts of many
watershedsin Puget Sound.These dataprovide the basis forjidentifying-needed restoration
actions, which can be prioritized by cost-effectiveness, influence on particular species, adjacency
to existing centers of biologica productivity or diversty (commonly referred to as: refugia,
biologica hot spots, source watersheds, core areas, key habitat), or other strategies.

There are many sources of uncertainty in these assessments, aswdl asin the politica
landscape surrounding restoration of Puget Sound watersheds. Uncertaintiesin the two
assessments slem from natura variability in habitat-forming processes, habitat characteristics,
and fish populations, as well asfrom errorsin assumptions and limitations of data or knowledge.
Our ahility to characterize these types of uncertainty islimited by availability of data on
watershed processes, habitat conditions, and fish populations over long periods of time. Lack of
knowledge about current habitat conditions or responses of fish populations to changing habitat
conditions introduce uncertainty into predictions of fish responses to watershed and habitat

reoraion. Aswith any modd, improving the quality of the data reduces uncertainty related to
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knowledge gaps and improves ability to address the uncertainty related to natura varigbility in
fish response to habitat conditions.

The changing nature of the political landscape dso introduces uncertainty into recovery
planning. Political uncertainties include potentid changesin the species of concern (or listing of
additiond speciesin the future), and shifting public policy affecting regulatory protection of
sdmon habitat and funding for restoration. In the early 1990s, management of sdmon habitat in
Puget Sound was driven largely by interest in coho sdmon, which limited fishing on many
stocks under weak-stock management policies. The listing of Puget Sound chinook sdmon as
threatened under the ESA in 1999 dramaticdly shifted the emphass of habitat studies and
restoration efforts. Potentia future listings of other species may further complicate recovery
planning because the habitat reguirements of .different.gpecies will-not matehthose of chinook
sdmon. Therefore, prioritizing restoration actions for sngle species may create additiond
corflict in recovery planning.

Recovery plans designed to protect and recover processes that create and sustain riverine
habitats in Puget Sound are more likely to recover sdmon of al species, and help avoid future
conflicts among species. Use of a comprehensive assessment process and developing restoration
plans focused on the reestablishment of habitat-forming processes minimizes conflicts thet can
arise with species-centric restoration approaches. Restoration of habitat-forming processes
targets restoration of the natura array of habitat types and conditions within awatershed, which
is cong stent with the concepts of watershed and ecosystem management supported by the
scientific community. Moreover this agpproach focuses on the naturd potentia of each
watershed, and therefore is most likely to restore the diversity and abundance of stocks

appropriate to each watershed in Puget Sound.
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DRAFT
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Table 4-1. Examples of methods used for rating individual landscape processes. (Need to generalizethis
entire table, and add east-side examples)

Distributed water shed processes

Hydrology - peak flow

Lowland basins: Hydrologic impairment in lowland basins can be rated based on planned effective
impervious area (EIA), which is the weighted average EIA upstream of the stream reach under fully
developed conditions. EIA £ 3% is considered “functioning”, EIA between 3% and 10% is
“moderately impaired,” and EIA > 10% is“impaired” (based on Booth and Jackson 1997, and see
example in Appendix A).

Mountain basins: Peak flow ratings for mountain sub-basins can be developed based on empirical
correlations between land use and elevated peak flow in forested basins (Jones and Grant 1996, and
see example in Appendix A).

Sediment supply

Edtimating impairment of sediment supply: Changes in average sediment supply for forested sub-
basins within a watershed can be estimated based on present-day sediment supply rates from
unlogged, clearcut, and roaded portions of the watershed (Dietrich and Dunne 1978, Paulson 1997,
Montgomery et a. 1998).

Surface erosion on agricultural range lands Use something like USLE for these.

Inventory - identify sediment reduction projects: Inventories must focus on factors that influence
sediment supply, identification of landslide hazard areas so that forest practices can be avoided or
modified in sensitive areas (e.g., WDNR [DATE?Y], Montgomery et a. 1998), such asrisk of road-
related landdides (e.g., Renison 1998), crop management practices that increase surface erosion (e.g.,
refs), or grazing practices that ater sediment supply. The final value, caled the risk rating, ranks
roads with respect the threat that they pose to salmon habitat. Higher risk ratings indicate greater
chance that aroad will fail and impact salmon habitat. Final ratings were grouped into three
categories of risk. A rating >30 is high, 16 to 30 is moderate, and <15 islow.

Pesticide delivery?

Reach-level processes

Riparian function

Remote sensing assessment: Riparian forests that are > 40 m wide are considered “functioning.”
Forested buffers 20 to 40 m wide are considered “moderately impaired.” Forested buffers <20 m
wide are considered “impaired.” The proportion of impaired, moderately impaired, and functioning
riparian forests can be estimated using Landseat classifications of vegetation.

Fied inventory: In addition to documenting forested buffer width, field inventories also classify stand
types by species mix and sera stage, which gives sufficient information to prescribe generalized
management regimes for each segment of riparian forest. Inventories also identify areas of livestock
access and potential fencing projects.

Channel and floodplain interactions

Floodplain areas were delineated where the 100-year floodplain was greater than two channel widths
using Federa Emergency Management Agency maps or U. S. Geologica Survey 7.5-minute
guadrangles and aeria photographs. Reach breaks were based on differences in floodplain width and
changesin channd pattern. Hydromodified areas were delineated on aerial photos by rafting or
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jetboating each main channel within floodplain reaches.

Other ecosystem functions

Habitat connectivity

Man-made barriers to anadromous fish habitat are identified through a systematic field inventory of
channel crossing structures (culverts, tide gates, bridges, dams, and other manmade structures). The
inventory identifies the type and physical dimensions of structures as well as physical attributes

necessary for modeling water flow conditions and comparing results to passage criteria for salmonids
(e.g., WDFW 1998).

Altered flow regimeand sediment supply by damsor diversions(generally not consider ed under
the hydropower H)

Hydrology — water storage or withdrawal
Hydrograph records and synthetic hydrographs, satistical analysis of flow variables

Sediment supply
Routing estimates, accounting for attrition.

Diversion screening
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Table 4-2. The 10 metrics of the benthic index of biologica integrity (B-1BI), and their predicted
response to increasing human disturbance.

Metric Description Response
Taxa richness and composition
Total taxa Richness Decrease
Mayfly taxa Richness Decrease
Stonefly taxa Richness Decrease
Caddisfly taxa Richness Decrease
Population structure
Dominance by top 3 taxa Relative abundance Increase
Long-lived taxa richness Richness Decrease
Tolerance and intolerance
Intolerant taxa richness Richness Decrease
Tolerant taxa Relative abundance Increase
Feeding and other habits
Clinger taxarichness Richness Decrease

Predators Relative abundance Decrease
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Table 4-3. Habitat types used for the two types of watershed assessments described in this paper.
Coarser scale habitat types are mapped from topographic maps, aeria photography, and satellite
imagery. Finer scale habitat types are mapped using a combination of aerial photography (for
larger units) and field measurements.

Habitat type « p Habitat type
(Coar ser scale) (Finer scale)
Large main stems (>50 m bfw) by - Edge - Pool
channel type based on gradientand . Mid-channel - Clide
confinement - Riffle
Boulder/cobble
Cobble/gravel
Bar edge
Bank edge
Natural
Hardened
Backwater (alcove)
Smal main stems (10-50 m bfw) - Pools - Poal
and tributaries (<10 m bfw) by . Riffles Scour
channel type based on gradient and Punge
confinement Trench
Backwater
Glide
Run
Rapid
Riffle
Off-channd habitat within large - Channéel-like
main channe floodplains - Pond-like
Impoundments - Ponds < 500 nt
- Ponds> 500 nfand <5 ha
Lakes> 5 ha
Palustrine wetland - Forested Open water area by season
Scrub/shrub
Riverinetidd wetland - Forested Open water area by season and tidal
Scrub/shrub stege
Estuarine wetland - Scrub/shrub Open water area by season and tidal
Emergent Stage
Estuarine channel - Main stem
Blind

Distributary




67

***FOR REVIEW ONLY***

Controls

Geology Climate

Land uses

Processes

ydrologic
t regime

Habitat Effects
Y

Physical Habitat Water quality and
Characteristics primary productivity

\_/
\/

Salmaon fitness and
survival

Sediment Lightheat
Supply inputs

Fish Production

Figure 4-1. Schematic diagram of relationships between controls on watershed processes, effects on
habitat conditions, and salmon survival and fitness (adapted from Beechie and Bolton 1999).
Dark boxesin upper row are ultimate controls, light boxes are proximate controls.
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Figure 4-2. (A) Map of areasin the Skagit basin where sediment supply has likely increased dueto land
use, based on extrapolation of data from sediment budgets (described in text). (B) Landdide
hazard map for a portion of the upper Cascade River basin. (C) Hazard map of U.S. Forest
Service Roads classified as high risk of failure, moderate risk, or low risk.
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Figure 4-3. Illustration of change in riparian function with distance from channel (curves adapted from
Seddl et d. 1997), and the Skagit Watershed Council’s classification of impaired, moderately
impaired, and functioning riparian forests.
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[Need to insert figure here]

Figure 4-4. Example map of inventoried stream crossing structures for a portion of the Stillaguamish
River basin (enlarged ared), showing structures that are blocking, passable, or needing further
anaysis. Dark gray areain watershed map indicates the historical extent of anadromousfish
access based on mapping of __ naturd barriers. All stream crossing structures within the
historical anadromous zone (morethan ___ total) were inventoried.
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Figure 4-5. General juvenile samonid useat the habitat scale. Compilation of over 60 references.
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CHAPTER 5. USING RESULTS OF ASSESSMENTS TO

PRIORITIZE SPECIFIC RESTORATION ACTIONS

Phil Roni, Timothy J. Beechie, and George R. Pess

Previous chapters have outlined methods for ng habitat loss and degradation and
estimating fish response to changes in habitat. The methodologies outlined in these chapters
help identify disrupted processes and restoration opportunities. For example, a culvert inventory
would provide alist of opportunities for culvert replacement to improve fish access, or an
inventory of riparian areas might identify opportunities for replanting, thinning, or fencing
(Table5-1). The next sep isto prioritize specific restoration actions within awatershed that
were identified as restoration opportunities during the assessments. However, this requires an
understanding of the watershed process or function that specific techniqueislikely to restore, the
effectiveness and likelihood of success of each technique, and the potentid fish response to that
technique. Numerous techniques exist to restore disrupted processes or enhance habitet in the
short term. For example, severa types of wood placement have been developed to increase
insiream habitat complexity and loss of large woody debris (LWD). Roni et d. (in press)
recently reviewed these various techniques. In this chapter we describe the effectiveness of
various restoration techniques and amethod for prioritizing restoration actionswithin a

watershed.
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Background—What Do We Know About Restoration?

The term “restoration” has been used to describe a suite of habitat manipulations,
enhancements, and improvements. In its strictest definition, restoration is returning asite to
some predisturbance condition. However, here we will use the term genericaly to mean efforts
to improve or enhance watershed and habitat conditions. Restoration can aso be further
classfied as passive and active. Passive techniques seek to restore processes and set up
conditions that will alow recovery of the stream (e.g., exclusion of cattle from riparian aress,
replanting riparian vegetation, increasing instream flows) or system. Active techniques are those
that seek to directly manipulate habitat, such asremova of migration barrier or placement of
logs in astream channd to create pools (find aforma definition of these and insart). Thesetend
to create rapid changes in habitat and treat symptoms of disrupted watershed processes rather
than restore the process.

Watershed and stream restoration are a key component of many land management plans,
and should be an important component of most recovery plans for threastened and endangered
sdmon. Tensof millions of dollars are spent annudly in individud river basinsin an effort to
enhance or restore habitat for sdmonids and other fish species (NRC 1996). The mgority of
these dollars are being alocated to loca citizen watershed groups for watershed restoration and
recovery. Unfortunately, loca citizen groups often lack adequate guidance on which types of
restoration or enhancement to conduct first or which techniques are most successful. More
importantly, it is often unclear how individud Ste-gpecific actions might fit into alarger context

of watershed restoration and recovery of salmon stocks.
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In part, thelack of guidance stems from limited information on the biological
effectiveness of various habitat restoration and enhancement techniques and the need for
comprehensive evauation and monitoring (Reeves et d. 1991, Frissal and Nawa 1992,
Chapman 1996). The response of fishes to watershed and stream habitat restoration techniques
(e.g., ingream dructure placement, riparian planting, road restoration, and reconnection of
isolated habitats) have not been thoroughly evauated, and there is cong derable debate within the
scientific community about the effectiveness of various techniques (Reeves et a. 1991, Kondolf
1995, Kauffman et d. 1997). Most monitoring has focused on the physical response to various
instream restoration techniques with inadequate monitoring of fish, invertebrates, and other
biota Response of fish and other biota are inherently more difficult to monitor than physica
conditions. However, the hiologica response to various restoration-techniguesis the ultimate
measure of restoration effectiveness. Thelarge interannua variability of juvenile and adult
sdmonid abundance often requires more than 10 years of monitoring to detect a response to
restoration (Bisson et d. 1992, Reeves et d. 1997). Existing monitoring has dso indicated
highly variable results from some techniques such as wood and boulder placement in streams
(Chapman 1996). Therefore, drawing conclusions about the biological effectiveness of various
techniques has been difficult and has hampered efforts to provide scientific guidance on
restoration activities.

However, we do have a reasonable understanding of the processes that affect channd
morphology and create fish habitat (see previous chapters). In the coasta Pacific Northwest, for
example, the delivery of organic matter (e.g., woody debris and leef litter), water, and sediment
are some of the mgor processes dictating channd morphology and the formation of habitat

(Montgomery and Buffington 1998). In the 1990s it became widdly accepted that restoring
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watershed processes is the key to restoring watershed hedlth and improving fish habitat. Beechie
et a. (1996), Kauffman et d. (1997), Beechie and Bolton (1999), and others have described
restoration and recovery srategies that place emphasis on restoring physical and biologica
processes that create hedthy watersheds and high-qudity habitats. Activities that restore
processes (e.g., road removal and restoration, culvert removal, and riparian and updope
restoration) are often conducted at the Site or reach level. A method is needed that places site-
specific restoration within a watershed recovery planning efforts. In this chapter we provide a
hierarchical Srategy for prioritizing Ste-Specific restoration activities within a watershed.

Asidentified in previous chapters, watershed assessments are a critical first step to
understanding watershed processes and identifying restoration needs within a watershed for
recovery planning. However;before onecan prioritize specificrestoration actions within a
watershed, a thorough understanding of the physica and biol ogical effectiveness of various
restoration methods is aso needed. Roni et d. (in press) recently reviewed common restoration
techniques, their effectiveness, longevity and whether they restore processes or are short term
habitat enhancement (Table 5-2). Most restoration techniquesfal into five generd categories: 1)
habitat reconnection, 2) road improvement, 3) riparian restoration, 4) instream habitat
restoration, and 5) nutrient enrichment. Within these five genera categories, severd other
specific techniques can be identified. The information from Roni et d. (in press) wasused asa
bassfor prioritizing restoration techniques and identifying additiond research and monitoring

needs,
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Strategy for Prioritizing Actions

The prioritization of restoration actions may be based on a number of factors, including
the needs of individua species, locations of refugia, or cost-effectiveness (Beechie and Bolton
1999). It isdso important to consder the response time, probability and variability of success,
and the duration of a given restoration action (Table 5-2). Those techniques that have ahigh
probability of success, low variability among projects, and relatively quick response time should
be implemented before other techniques. For example, reconnecting isolated off-channd
habitats or blocked tributaries provides a quick biologica responsg, islikely to last many
decades and, based on available evidence, has a high likelihood of success. Generdly, these
types of restoration activities should be undertaken before methods that produce less consistent
results. Riparian restoration or road improvement may not produce results for many years or
even decades for some functions (Table 5-2) and should be considered after reconnecting high-
qudlity isolated habitats. Other techniques, such asinstream LWD placement or other instream
restoration, are generdly effective at increasing coho salmon dengties. However, instream
actions such as these are habitat manipulations or enhancements and should be undertaken either
after or in conjunction with reconnection of isolated habitats and other efforts to restore
watershed processes. In addition, manipulation of instream habitat may be appropriate where
short-term increases in fish production are needed for a threstened or endangered species
(Beechie and Bolton 1999).

Roni et . (in press) developed a hierarchical flow chart that can be used to help guide
the selection and prioritization of restoration projects based on these principles (Figure 5-1).

This flow chart combines the known effectiveness of various techniques with the need to restore
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habitat-forming processes (Figure 4- 1) identified by watershed assessments (Chapter 4) and the
protection of high-quality habitats. Idedly, habitat restoration requires reconnecting isolated
habitats and restoring the disrupted habitat-forming processes (Beechie and Bolton 1999).
Habitat manipulations (i.e., instream structures) are generaly unnecessary except where adjacent
land uses congtrain restoration options. 1n such areas, instream projects that are consstent with
the natural habitat characteristics of the Ste are an option.

While mogt techniques fit well into this hierarchy, carcass placement and nutrient
enhancement and estuarine retoration are new techniques whose place in it isuncertain. Littleis
known about the effectiveness of estuarine restoration. However, reconnecting isolated estuarine
habitats such as digtributary doughsis smilar to reconnecting isolated off-channel habitats,
which has been shown to beeffective (Table5-2). Furthermore; giventheimportance of
estuaries to anadromous fishes and the success of reconnecting isolated off-channel habitats, it is
likely that reconnecting estuarine habitat would be effective and should be considered &t the
same time as reconnecting other isolated habitats. The placement of sdlmon carcasses or other
nutrients into streams may increase fish condition and production in the short term. This
restoration technique is aform of habitat enhancement that can occur at any stagein the
watershed restoration process. However, because it does not restore but rather mitigates for a
deficient process, we have suggested that it be consdered a the same point in the hierarchy as
ingream habitat manipulation. Smilarly, the creation of new estuarine or off-channe habitats
does not restore a process and the effectiveness of these effortsis unclear.

A common restoration technique not covered in Roni et d. (in press) is restoration of
ingdream flows or natura hydrology either from water withdrawa projects or below large water

storage projects. Water withdrawa or flow manipulation disrupts hydrologic processes,
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including delivery and routing of sediment and nutrients, and can dramatically impact habitat
formation, connectivity, and quality (Bednarek 2001). We consider restoring instream flows and
natural hydrologic patterns part of reconnecting isolated habitats, and therefore do not have a
Separate category for this technique.

Within the broad restoration categories in Figure 5-1, some techniques are more effective
than others or more applicable in some provinces than others. For example, we include riparian
slviculture with fencing and reduced grazing under riparian retoration. Livestock exclusonisa
form of riparian protection that has been shown to be effective on range and agricultura lands
(Platts 1991), while the long-term effectiveness of riparian replanting and conversion techniques
islargely unknown. Priorities for different types of riparian restoration will differ by region and
watershed aswill other specific restorationtechniquesthat fall-into-the broad categories we have
defined. However, awatershed assessment is the important first step to determine the most
effective type of restoration within agiven restoration category for the watershed in question.

We ds0 separate the placement of instream LWD or boulders into reaches with high
production potential and low production potentid. Low-gradient channdls (<5% dope) are the
stream reaches most frequently used by Pacific sdmon (Montgomery et d. 1999) and dso where
LWD additions are known to provide physical and biologica benefits. Therefore, in the cases
where instream restoration techniques are implemented, they should occur in reaches with
gradients less than 5%. Placing wood or other structures in steeper channdlsisless likely to have
the desired physical or biologica benefits.

Our approach was primarily designed for forest, range, and other moderately modified
rurd lands. In urban areas, hydrologic and sediment processesin streams are highly dtered (eg.,

increased high flows and channel down-cutting). Areas with intensive agriculture often have
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severe water quality problems, and stream channels in both urban and agriculturd areas are often
highly channelized and lack adequate riparian vegetation. A combination of urban and
agricultura impacts may aso inhibit restoration of estuarine habitats. The principles outlined in
above and in Figure 5-1 are il useful in urban and agricultura lands, but in these environments
other factors such as large infrastructure (e.g., highways and buildings) may constrain retoration
opportunities. Thus the framework we outline may need to be modified for use in these highly
atered systems where some processes cannot be reliably restored, or where water qudity or
hydrologic changes may compromise the effectiveness of many of the commonly employed
restoration techniques. A more detailed watershed assessment and restoration prioritization
technique such asthat outlined by the Skagit Watershed Council (1999) may be useful in these

areas.,

Need for Monitoring and M anagement Experiments

Our review of various restoration techniques indicates that knowledge about the
effectiveness of mog techniques isincomplete and comprehensive research and monitoring are
needed. Even techniques that appear to be well studied, such asinstream LWD placement, need
more thorough evauation and long-term monitoring. This emphasizes the need for
comprehensve monitoring and evaluation of both individual and multiple restoration actions a
multiple scdes. Many restoration actions should be trested as management experiments and
accompanied by research and monitoring to determine both physica and biological responses.
These results can then be used to guide future restoration actions and more accuratdy quantify

the potentid increase in fish production for habitat manipulations.
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Findly, we view the method outlined in this chapter asthefird iteration of guiddines for
prioritizing Ste-pecific restoration activities and for providing guidance for sdmon recovery
planning. Our approach is designed for watersheds where detailed information on processes and
dream reachesis not initidly available. However, we view watershed assessment and
restoration as an iterative process. As more information becomes available on a specific
watershed and the effectiveness of various techniques for sdmonids and other fishes, our

approach should be modified.

Summary

The methodology we present for prioritizing Site- pecific restoration Strategiesin a
watershed context (Figure 5-1) isdrawn from Roni et a. (in press) and based on three key
elements: 1) principles of watershed processes (i.e., Figure 4-1), 2) protection of existing high-
quality habitats, and 3) current knowledge of effectiveness of specific techniques (Table 5-1).
We view techniques that manipulate instream habitet as the find step in the hierarchica strategy
because they tend to be short lived, the results are highly variable among techniques and species,
and they do not seek to restore processes (Table 5-2). While we focus on restoration techniques
in this chapter, it isimportant not to overlook the need to protect high-quality habitats.

Protection of high-quality habitat should be given priority over habitat restoration, asit isfar
easier and more successful to maintain good habitat than to try and recreate or restore degraded
habitat. Furthermore, our recommendations are dependent upon a watershed assessment
(Chapter 4) and in no way negate the need for adequate assessment of processes and current

conditionsin awatershed.
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Table 5-1. Examples of assessment methods and possible types of restoration actions that may be

identified.

Assessment method

Examples of impaired
processesidentified or
information obtained

Exampleof possibletypesof
restor ation actionsidentified

Road and culvert inventory

Riparian inventory and
assessments
In-channel habitat survey

Estuarine and floodplain
connectivity

Sediment sources, landdide
hazard, habitat connectivity,
hydrology, nutrient transport
LWD and organic matter
ddivery, shade,

LWD ddivery, habitat
complexity

Habitat connectivity, LWD
delivery

Culvert removal or
replacement, road restoration
or removal

Replanting, conifer
conversion, fencing projects
Instream restoration (LWD,
nutrient enhancement etc.
Remove dikes, tide gates,
reconnect isolated habitats
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Table 5-2. Typical response time, duration, variability in success and probability of success of common
restoration techniques (modified from Roni et d. in press).

: - : Variability of "
Restoration  Specific Y ears to achieve . . Probability
type action response Longevity of action (y) SUCCESSaMONg ¢ ¢\ cacs

projects
Culverts 15 10-50+ Low High
Reconnect  Off channel  1-5 10-50+ Low High
hebitats Moderate to
Estuarine 520 10-50+ Moderate high
Road Removal 5-20 Decades to centuries Low High
Improvement Alteration 520 Decades to centuries Moderate m é)r?erate 0
Fencing 520 10-50+ Low Moderate to
high
Riparian Moderate to
o replanting 5-20 10-50+ Low high
\Ff' pggon Rest-rotation
< or grazing 5-20 10-50+ Moderate Moderate
strategy
Conifer = 45100 Centuries High Lowto
conversion moderate
Artificid log . Low to
structures 15 >20 High high®
Naturel LWD , ¢ 590 High L_ovv\{a1 to
placement high
Instream e
hebitat Artificidlog 10-50+ Moderate Low to
restoration ~ JA™S high
Boulder Low to
olacement 15 5-20 Moderate high®
Gabons 15 10 Moderate Hon o
igh
Carcass Moderate to
Nutrient placement 15 Unknown Low high
enhancement  Stream Moderate to
fertilization 1-5 Unknown Moderate high
Off channel  1-5 10-50+ High Moderate
Habitat . :
creation Estuarine 510 10-50+ High Low
Instream See various instream restoration techniques above

“ Depends upon species and project design
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Assessment [
Habitat
degraded
| | Habitat not
i i . degraded
Habitats isolated Habitats g
Reconnect (culverts, off_-channel, connected
Isolated estuarine)
Habitats
Prioritize and (watersheds with salmon)
reconnect
r Y’W‘L““T
Low salmon
Roads not escapement Nutrient levels
Roads impairing impairing impairing nutrient notimpaired
Restore processes 4  processes levels
Processes I //
(Long Term) i /
4 Increase
Prioritize and escapement
restore roads
L Protect &
prozglssrf:not Riparian maintain
functioning //4 processes OK processes
L /
/
/
/
/

Restore /
Habitat Restore riaparian Moderate to
(Short Term) processes Low LWD high LWD

Low productivity High productivity
potential (>5% slope) potential (<5% slope)

Wait for long term
\ recovery

Restore (add LWD)

Figure 5-1. Flow chart depicting hierarchical strategy for prioritizing specific restoration activities
(modified from Roni et a. in press). Shaded boxes indicate where restoration actions should take
place. Addition of sdlmon carcasses or nutrients may be appropriate at various stages following
reconnection of isolated habitats.
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CHAPTER 6. UPDATING THE RECOVERY PLAN

[NOTE: This chapter is awaiting content.]
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CHAPTER 7. ISSUESOF SCALE INHABITAT RECOVERY

PLANNING

Cara Campbell

The aguatic environment is complex and dynamic, changing continualy across space and
time. Inhabitants of this environment have evolved to these ever-changing conditions. However,
anthropogenic dterations to the landscape have disrupted the natura processes within these
systems and species are forced to contend with excessive, unnatura conditions. These
dterations can be large or smdl, influencing expangve areas or more local conditions, and the
effects can occur immediately or yearslater. Thus athorough knowledge of the processes
Sructuring the aquitic environment and how these processesiinteract over various spatia and
tempora scaesis inherent to'understanding the effects of disturbance on aguatic systems and
their inhabitants. This chapter will discuss the concept of scale and how it can be incorporated

into recovery planning.
Hierarchical Nature of Stream Systems

Stream systems can be thought of hierarchically (Frissdll et d. 1986), organized into
nested levels. Processes occurring & each level in the hierarchy tend to occur at smilar
frequencies and correspond spatialy (Urban et d. 1987), as well as generate conditions that
influence the environment at the next level (Frissell et d. 1986, Urban et d. 1987). For example,
Rot et a. (2000) described this hierarchical interrdationship of processes using valey condraint,

riparian landform, riparian plant community, channd type, and channel configuration. At alarge
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scale, valey condraint influences riparian landform development. These riparian landforms
subsequently control the impact of fluvid disturbances on the compodtion of the riparian plant
community. Successond processes within the riparian forest then influence the sze of LWD
within the stream channd. Findly, the resultant channd type and configuration reflect this
pathway of processes aswell asloca conditions. Thus, the physica and biologica conditions
found at a particular location within the stream system are products of processes occurring at
various spatial and tempora scaes. These various processes result in a continuous gradient of
physica and biologica conditions ong a stream system that determine subsequent community
gructure and function (Vannote et d. 1980). Thus, a thorough understanding of the linkages
between these biologica and physical processes within and across scalesis required for effective

management of habitat and defining recovery potential (L ewis et-al:1996):

Scale

Scale can be broadly defined as denoting “resol ution within the range of a measured
quantity” (Schneider 1994). Three aspects of scae commonly used in investigating aquatic
systems are space, time, and resolution (Figure 7-1). Space takes into account a physical region
or area, time incorporates tempord extent, while the degree of resolution identifies ecologicd
organization (e.g., taxonomic or functiona groupings) (Frost et d. 1988). Definitions of the
various terms used on the space and resol ution axes can be found in Table 7-1.

Scaeis an important consderation in any study, for it dictates the methods used, results
obtained, and any subsequent interpretations (Wiens 1986), and reflects the different questions,
objectives, and gods of the investigators (Hinch 1991). Depending on where your examinations

focus dong each axisin Figure 7-1 (i.e., what scae), different patterns and explanatory
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mechanisms can emerge (Wienset . 1986, Frost et d. 1988, Hinch 1991; Levin 1992).
Generdly, larger scale work tends to focus on identifying patterns and possible processes
controlling these paiterns, while smaller scale examinations concentrate on ducideting the
mechanisms underlying these processes (Urban et d. 1987, Levin 1992). Thus, key information
can be obtained at any scale of study; however, combining this knowledge across scaes and
disciplines has proven inherently difficult (Imhof et d. 1996). That is problematic, for just this
combination of knowledge is required to improve our understanding of the behavior of the
complex aquatic environment (Urban et a. 1987, Levin 1992). The next sectionswill illudrate
the types of information sought in smdl- and large-scade studies and attempts to combine this

information in multi- scales studies.

Small-Scale Studies

Much of what is known about species-habitat relationships and biotic interactions
(competition and predation) comes from smdler scade sudies. Species-habitat relationships have
uncovered loca physica features used by individuals, how this habitat use changes
ontogenetically and temporally, and how these habitat preferences differ by species. For
example, juvenile coho (Oncor hynchus kisutch) are more closely associated with pool habitat,
while stedlhead (Oncor hynchus mykiss) inhabit awider array of habitats (Bisson et a. 1988,
Fausch 1993). Also, the amount of both suspended and deposited sediment can adversdly affect
egg and juvenile salmonid surviva. These types of studies have aso identified bottlenecks
limiting the production of different sdmonids. For example, the amount of LWD contributes to
the proportion of pools and has been linked to smonid survivd, particularly serving as velocity

refuges during the winter (Bustard and Narver 1975, Tschaplinski and Hartman 1983).
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Subsequently, the availability of suitable winter habitat can limit coho production (Solazzi et d.
2000). Understanding these species-habitat requirementsis essentid for successful restoration
and conservation efforts because species with rigid habitat requirements are under a stronger
threat from degraded habitat conditions than those with flexible habitat requirements.

Smadller scde studies have aso contributed to our understanding of both intra- and inter-
gpecific competition. These interactions can cause habitat shifts, reducing the fitness of
displaced individuas. For ingtance, O+ Atlantic saimon (Salmo salar) generdly inhabit shallow
riffles with coarse substrate, moving into deeper riffles with pools as they grow, a which time
they can ether be viewed as prey or chased back into shalow habitat by the larger 1+ individuas
(Symons and Heland 1978). Similarly, Hearn and Kynard (1986) showed interspecific
interactions to result in habitat-segregation-among 1+ Atlantic salmon and rainbow trout. The
degree of amilarity in habitat requirements between species as well as the amilarity in Size of
individua's both within and across species influences the degree of competition for gpace within
aparticular reach or habitat unit, determining the likelihood for biotic interactions. Also, a
species degree of tolerance to degraded conditions can determine the likelihood of its
displacement by another species (Nelson et d. 1992). Thus, any dterations affecting the
quantity or quaity of the habitat can shift the baance in favor of one species or life stage over
another.

The above examples were not presented to illustrate dl factors influencing salmonids
within stream systems or dl types of studies currently being conducted, but rather to convey the
type of information generated from these smdl-scae endeavors. Through these smdll-scale
studies, much of our knowledge about both bictic interactions and associations between

sdmonids and the local stream environment is known, and subsequently, about the biological
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and physical consequences of processes occurring over various spatial and tempora scales.
These controlled, manipulative investigations tend to utilize basic field sampling methodol ogies
such as habitat surveys, snorkeling, and eectrofishing. The studies have amassed large
quantities of data covering smal spatid scales over short time frames, and the species-habitat
relationships uncovered are transferable across systems. However, both inherent and
anthropogenic differences across watersheds (e.g., geology, landform, land use, climate, €tc.)
combine to produce a different suite of conditions within each watershed. For example, shallow
streams are more variable, exposing the associated communities to a greater range of conditions
(Jackson et a. 2001), thus systems composed of alarger number of shallow streams will present
different chellenges to its inhabitants than a watershed containing alarger proportion of deeper
dreams. The combination of varying conditions and the stochastic di sturbances common over
smaler scaes resultsin these studies being more variable, thus, less predictable and less
repestable (Levin 1992). Asareault, thereisagrowing trend toward examining larger spatia
scaes over longer time frames, giving up some of the detall of the smdl-scale studies for the

sake of more generaized behaviors, and subsequertly, greater predictability (Levin 1992).

L arge-Scale Studies

Large-scde investigations generdly address questions regarding climate change,
geomorphic processes, and anthropogenic disturbance, and the role of each in shaping
community structure. Climate change is often studied via examinations of temperature regimes,
changes in these temperature regimes over time, and their role in determining species
digributions. In genera, water temperature can structure fish assemblages (Waite and Carpenter

2000) as well as species didtributions (Dunham et d. 1999). Increases in water temperatures



94

***FOR REVIEW ONLY***
associated with globa warming can potentialy reduce suitable sdmonid habitat through an
increase in both maximum summer temperatures and minimum winter temperatures, potentialy
restricting cool water speciesto higher eevations and increasing the likelihood of locdized
extinctions as well as both habitat and population fragmentation (Keleher and Rahd 1996).
Also, enhanced embryonic development during the winter and spring can dter the timing of fry
emergence, having both positive and negative effects depending on the species and itslife-
history srategy (Hartman et d. 1996). Thus, understanding the extent and timing of changesin
temperature regimes in the context of life-history strategies and habitat requirements can uncover
potential losses of criticd habitat and subsequent dterations of population and community
structure.

Much of our knowledge of the roleof. geomorphic variablesinintluencing species
digtribution and abundance arise from larger scde sudies. Withinriver systems, physicd
characteristics of streams, such as discharge, channel geometry, channel pattern, and size of
tributaries exhibit regular longitudind patterns (Allan 1995). These regular patterns dlow for
the generdization of habitat characteristics within larger geomorphic variables. For example,
Nelson et d. (1992) found sedimentary streams to be narrower, with coarser substrate and lower
embeddedness than volcanic or detrital streams. Rot et a. (2000) found bedrock channelsto be
in congrained valeys, with low volumes of LWD, and limited dluvid landform development.

In contrast, forced pool-riffle channels were located in moderately constrained to unconstrained
valeys, with higher volumes of LWD, and extensve dluvid landforms (Rot et a. 2000). Once

established, these associations alow for the identification of rel ationships between community or
population structure and these larger physical characterigtics. For example, Lanka et . (1987)

found areduction in trout dengty with increasing stream sSize, possibly as aresult of decreased
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riparian cover or an increase in human disturbance, while Platts (1979) found chinook
(Oncorhynchus tshawytscha) and steelhead spawning and rearing areas concentrated within third
through fifth order sreams. Bull trout (Salvelinus confluentus) have been associated with
dluviated lowland and valey streams (Watson and Hillman 1997), while stedhead have shown
strong negative correlations to areas comprised of greater than 10% unconsolidated lithology
(Thompson and Lee 2000). Thus, associations between larger scale geomorphic variables and
more detailed underlying habitat characterigtics enables identification of patterns between
species and these geomorphic variablesin areas without specific habitat measurements.

Land use and its impacts on aguatic species have dso been invedtigated by large-scae
sudies. For example, logging and road congtruction can reduce the amount of LWD and
increase sediment supply, diminating off-channd habitats. Dams.can block-migration pathways,
fragmenting spawning and rearing habitat (Dauble and Geist 2000) as well as populations.
Agriculturd lands can be associated with nutrient loading, pesticide inputs, and reduced riparian
vegetation. Urbanization can be associated with increased pollution and further road production.
Since gregter habitat complexity is associated with greaster community complexity (Gorman and
Karr 1978) and anthropogenic actions generaly serve to reduce complexity, understanding how
the various land use activities dter natura processes and conditions within stream sysemsis
critica for recovery efforts.

Again, these examples are not meant to provide an exhaudtive lig of the large-scale
research being conducted, but rather to provide aglimpse of the information sought from these
larger scae investigations. Generdly, these studies seek to identify patterns or processes
occurring across systems.  They incorporate the use of dternative methodologies such as aerid

photography, GIS, and spatia Statistics and modeling, as well as the aggregation of smaller
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habitat units or reaches to examine larger areas. These methodologies provide away of
examining and comparing systems quickly, without conducting actud field investigations;
however, they can only ducidate patterns, not causation. Asaresult, it is necessary to utilize the
smdler scae species-habitat sudies to identify the underlying mechanisms that could be
responsible for these larger scae patterns. Thus, combining the use of smdl- and large-scae
studies provides the most comprehensive view of aquatic systems, asisillusrated by the

increase in multi-scae studies found in the literature.

Multi-Scale Studies

Multi-scale investigations seek to understand the larger scale variables structuring aquatic
species and, within these larger vari bl es; the specific characteristic influencing abundance,
digtribution, growth, etc. For example, an examination.in the Willamette River basin in Oregon
found water temperature and stream dope to structure fish assemblages across ecoregions (large-
scae), while water chemistry was the dominant influence within ecoregions (Waite and
Carpenter 2000). Dunham and Rieman (1999) found bull trout to occupy patches (defined as
watersheds >400 ha) with the greatest area and the lowest road density, while within these
occupied patches, bull trout were associated with wider streams. Vdley bottom type has dso
been implicated as a key component determining bull trout presence a both site and smdler,
habitat scales (Watson and Hillman 1997). It isdso possible for environmenta processes to
influence the different components of production according to scae. For example, larger scae
temperature gradients can influence the growth and sze of juvenile Atlantic sdmon within a
watershed, while smdll-scae temperature profiles inhibit surviva within subwatersheds

(Campbdl 1999). Similarly, Pyper et d. (1999) found between-region processes to influence
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length of sockeye (Oncorhynchus nerka) within the marine environment, while surviva rate was
related to within-region processes. As species assemblages and distributions are structured by a
combination of larger scale geomorphic and climatic conditions and the more specific biotic and
abiotic conditions of the local environment, it is necessary to conduct sudies a an array of
gpatia and tempora scaes. These multi- scde studies can identify the way larger scae variables
dictate potentid fish assemblages and species ranges and how these are redized within the

congraints of the loca environment.
Scalein Recovery Planning

Different questions are addressed at different scales of inquiry and much information
about aguatic systems and their inhabitantsis gained @t each.’ Therefore, successful restoration of
both natural processes and salmon popul ations requires the incorporation of this multi-scale
information into the recovery planning process. Thefirg sep isinventorying and collecting dl
available data, covering multiple tempora and spatia scales, across the area of consideration.
Thiswould initidly focus on current and historical data of three types: 1) status of habitat
forming processes and biologicd integrity, 2) condition and distribution of agquatic habitats, and
3) abundance and digtribution of sdmon (Chapter 4). This information then needsto be
examined to assess how habitat factors prevent populations or their parent ESUs from meeting
the four types of recovery goas. abundance, productivity, diversity, and spatid structure
(McElhany et d. 2000). The following sections will discuss how scale can be incorporated into
assessing how habitat changes might have atered the aoundance, productivity, diversity, and

gpatia structure of populations, and subsequently ESUs.
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Abundance

The risksto a population are inversdly related with abundance, so it should be possible to
define broad risk categories based on abundance (McElhany et d. 2000). In this sense,
abundance categorization can be viewed as alarge-scale question. To address how habitat
changes might have altered abundance, it is necessary to determine how abundance of species
changes with land use. Firg, it isimportant to identify potentia species didtributions over the
area of interest, incorporating broad habitat characteristics as well as information obtained from
the literature. For example, Nelson et d. (1992) found Lahontan trout (Oncor hynchus clarki
henshawi) presence primarily within the sedimentary geologic digtrict of the North Fork
Humboldt River drainage, while Dunham et d. (1999) identified the downstream distribution
limit as devations with an average duly ar temperature of 18°C. Next, associating abundance
estimates with broad characterizations of anthropogenic activity can illusrate where land-use
dterations have constrained suitable habitat, thereby reducing abundance. For example,
Bradford and Irvine (2000) used spawner abundance data within the Thompson River, British
Columbia, to examine relationships between land use within awatershed and changesin
recruitment to individud streams. They found that coho populations declined in rdation to the
extent of agriculturd and urban land use aswell asthe dengty of roads within the watershed.
Paulsen and Fisher (2001) estimated juvenile spring-summer chinook parr-to-smolt survivd
within the Snake River ESU utilizing PIT tag information and related this back to broad
characterizations of land use. They found that wilderness areas and areas with decreased road
dengity are associated with higher overwinter, subsequently parr-amolt, surviva. If smolt-to-

adult surviva estimates could be linked with this type of data, it might be possible to make broad
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abundance predictions based onland use. These can be coarse investigations that identify where
land use activities might be reducing the abundances of populations and decreasing their viability
or that of their parent ESU’s. This can be a useful first step that can focus subsequent, more

detaled investigations of the actual processes being impaired and the recovery efforts needed.

Productivity

The productivity of a population can be viewed in terms of sustained trendsin
abundance, which can be assessed by examining population growth rate: production redlized
over the entire life cyde (McElhany et d. 2000). In examining how habitat changes might have
dtered productivity of apopulation, it could be useful to concentrate on investigating Sage-
specific carrying capacity. Thiswoudrequire a smaler scale gpproach; highlighting, for
example, the smolt production sustainable by the environment and any habitat characteristics that
could be limiting this redlized carrying capacity. For example, Nickelson et d. (1992) used this
approach to estimate coho smoalt production for coastd Oregon basins using juvenile dendty
edimates by habitat type for different seasons. Fully-seeded streams were sampled each season
and habitat was dassified usng a modified verson of the habitat classification scheme described
by Bisson et d. (1982). A total of 15 streams and 150 habitat units were sampled and dengty
estimates were generated for each habitat type. Juvenile coho were most abundant in pool
habitat throughout the year, but the type of pool utilized varied with season. During spring, fry
were predominantly in backwater pools, whilein the winter parr dendties were highest in
acoves and dammed pools (the mgjority of which were beaver ponds). As acoves and beaver
ponds composed only 9% of the total number of habitat units sampled and 31% of the winter

area sampled, they concluded that production of smoltsin Oregon coasta streams can be limited
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by the avallahility of winter habitat. Similar types of analyses can be conducted over streams
and their results extrapolated to watersheds or ESUs, scales at which alarge percentage of the
habitat remains unsurveyed. They can dso be repested for various life stages and species,
identifying potentid overlap of criticd habitat requirements. Once these bottlenecks are
identified, they can ad in the recovery planning process by measuring the quantity of this critica
hebitat available in non-impacted Sites versus impacted Sites. Also, historical reconstructions can
be conducted to quantify the actua losses of these critical habitats in impacted areas.  This
information is useful in the recovery process, for it can highlight the processes that need to be
restored to improve the hedlth of the locd habitat aswell as set recovery priorities based on the

degree of degradation. See Appendix B for amore detailed examination of this process.

Diverdgty

Diversty refersto the distribution of traits within and among populations (McElhany et
a. 2000). Thesetraits can exhibit considerable variation within and among populations and can
result as a combination of genetic and environmentd factors (McElhany et d. 2000). The
genetic controls are outside of the scope of this document, but it is possible to examine how
habitat changes might have dtered diversty by larger scae examinations of traits such as Sze of
returning adults and age or Sze of smolts. Smolt production isinfluenced by smaller scale,
watershed-specific landscape (<30 km) and biotic factors (Bradford 1999). Thus, using control
and treatment streams with Smilar underlying habitat structure (hydrology, geomorphology,
ecology) (Bradford 1999) it may be possible to investigate how different forms or degrees of
land use have impacted the age or Size of smolts. For example, higher temperatures are known

to increase growth rate (Beckman et a. 1998) that is in turn associated with reduced smolt age
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(Beckman et d. 1998, Connor et d. 2001). Logging, agriculture, and urbanization al can
potentidly reduce riparian vegetation, decreasing shading and increasing temperatures within the
stream channel, o it should be possible to study the Size and age of smolts leaving control
streams with minimal land use versus treatment streams with varying degrees of degradation. It
could aso be ussful to couple habitat productivity indices with smolt age information. For
example, Connor et d. (2001) found Snake River wild subyearling spring-summer chinook thet
migrate to the Snake River main sem grow fagter, migrating as subyearlings, while those that
remain in natal streams migrate as yearlings. They concluded that the main stem provides better
growth opportunity than the less productive natd streams. It can dso be useful to examine size
at return to a specific system over time. Adult femae size has been linked to freshwater
migration distance (Flemingand Gross 1989).and competition.on-spawning grounds (Van Den
Berghe and Gross 1989). Egg szeis generdly correated with body size and the advantages of
each can vary with the qudity of the spawning site (Van Den Berghe and Gross 1989). Thus,
changes to the landscape that dter the qudity of spawning grounds can shift the Sze structure of

spawners and affect the Sze, quality, and surviva of eggs and juveniles.

Spatial Structure

The spatid structure of a population refersto the patia didtribution of individuaswithin
apopulation and the processes generating that distribution, and is dependent on habitat qudity,
gpatia configuration, and the dynamics and dispersa characteristics of individudsin the
population (McElhany et d. 2000). Asthe siream environment is heterogeneous, it may be
viewed as a series of “habitat patches’ a an array of spatia scades. As habitat qudity varies

across patches, the likelihood of individuas inhabiting each patch is dependent on the qudity of
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the habitat in the patch as well as the ability of individuas to move between patches. Therefore,
a proper investigation into how habitat changes might have dtered the spatid structure of a
population requires understanding the small- and large- scae influences on both habitat patch
dynamics and sdmonid movement. For example, in an examination of Mexican spotted owl
(Strix occidentalis lucida) habitat, Keitt et al. (1997) examined the importance of habitat patches
a saverd maximum inter-patch dispersal distances. At dispersal distances between 0 and 40 km,
patch sze was the strongest indication of the patches importance to connectivity, while above 60
km, the number of dternative pathways increased to the degree that removing patches hed little
effect on connectivity. It was dispersd distances between 45 and 50 km that identified * stepping
stones’ or critical patches connecting large habitat areas. Asaresult, they concluded that the
species whose digpersd abilitiesare within this |atter range will-be dependent-on landscape
configuration, for individua patches canact as corridors, bridging aress of suitable habitat.
Similarly, Dunham and Rieman (1999) examined 104 patches (defined as catchmentsdraining
>400 ha) within the Boise River to identify patternsin juvenile bull trout occurrence. They
utilized digital road and hydrography coverages to assess road dengties by patch and inter-patch
distances, respectively. Bull trout occurrence was positively related to patch size (areq) and
negatively reated to both inter- patch distance and road density. Thus, Dunham and Rieman
(1999) concluded that populationsin larger, lessisolated, and less disturbed habitats are more
likely to pergst, while smdl, isolate, disturbed populations are at risk. Identifying how species
utilize habitat patches in association with genera knowledge of their dispersd characteridticsisa
necessary firgt step in the recovery planning process. Once identification of critical habitat
patchesis achieved, it is possible to examine how land use actions have reduced or eiminated

connectivity of these patches as well as dtered or destroyed the patches themselves. For
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example, Beechie et d. (1994) identified hydromodification as the greatest cause of lost smolt
production within the Skagit River, followed by the isolation of 37 km of tributaries above 33
blocking culverts. Thisinformation can then dictate the scale of recovery efforts by pinpointing

the processes that are in need of restoration or identifying loca, specific recovery actions.

Conclusion

Scaeisan important congderation in the recovery planning processes. Certain questions
can be easily addressed at different scales (e.g., abundance can be categorized in relation to
large-scale natural processes over broad areas and long time frames). However, these specific
agoects of population viability are not mutudly exclusive and the information gleaned a one
scae can eadily be incorporated into addressing a separate aspect at a different scae. For
example, it would be feasble to incorporate the large-scae distribution information and the
amaller scae estimates of carrying capacity together to aid in identifying patches and their
connectivity. The result is multi- scale analyses into the various components of population and
ESU viability, the hierarchy of natura processes determining this viahility, aswell asthe

recovery actions needed to restore these natural processes.
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Figure 7-1. Three aspects of scale commonly used in investigating aquatic systems (adapted from Frost et
al. 1988). Factors on the interior portion of the plot are addressed at small scales and those found

on the outside are the focus of larger scale studies.
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Table 7-1. Definitions for the terms found on the space and resolution axes in Figure 7-1.

Term Definition

Space:

Habitat unit Relatively homogenous area of the stream channdl that differs from
adjoining areas in depth, velocity, and substrate characteristics (Armantrout
1998)

Reach Section of a stream segment between named tributaries, changesin valley

Stream segment

Watershed

Ecoregion

Resolution:

Individua

Cohort

Population

ESU (Evolutionary
Significant Unit)

Species

and channel form, major changes in vegetation type, or changesin land use
or ownership (Moore et al. 1997)

Portion of a stream system flowing through a single bedrock type and
bounded by tributary junctions or maor waterfalls (Frissel et a. 1986)

Region or area drained by surface and groundwater flow in rivers, streams,
or other surface channels (Armantrout 1998)

An.area determined by similarland surface form; potential natural
vegetation, land use, and soil; may contain few or many geologica districts
(Omernik 1986)

Single organism
Age class

Collection of individuals making up a gene poal that has a continuity in
time due to the reproductive activities within the population (MacLean and
Evans 1981)

Population that 1) is substantialy reproductively isolated from conspecific
populations and 2) represents an important component of the evolutionary
legacy of the species (Myers et al. 1998). It is often represented as a spatial
areaaswell.

Interbreeding populations
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CHAPTER 8. MANAGING UNCERTAINTY IN SALMON

HABITAT RECOVERY PLANNING

E. Adhley Sted, Martin Liermann, Paul McElhany, Nathaniel L. Scholz, and
Alison Cullen
[Note: Most references not yet included ]

To know one’signorance is the best part of knowledge.

Lao Tzu, The Tao, no.71

Sdmon recovery planning requires a complex series of decisions about habitat actions.
These decisons and actions are unavoidable despite a large amount-of uncertainty in the
information available. Inevitably, they will be based on atapestry of models, estimates, expert
opinion, myth, political posturing, predictions, and data. By identifying, quantifying, and
incorporating the sources of uncertainty in information used for recovery planning, we can
improve the qudity of habitat planning. This chapter provides guidance, viaexamples, for
managing the inherent uncertainties of habitat management in arecovery planning context.

A quick exampleillustrates the importance of identifying and quantifying uncertainty. In
choosing between two possible culverts for restoring fish passage, one might be presented with
information that culvert A will increase fish cgpacity by 120 fish while culvert B will increase
fish cgpacity by 100 fish. Without additiona information and with no estimates of uncertainty, a
manager would surely choose culvert A because it has the highest expected increase in fish

capacity. If culvert A opened up habitat that was less certain to be occupied (95% confidence



107

***FOR REVIEW ONLY***
interva = 120 +/- 70), while culvert B opened up wetland habitat that would be quickly
colonized with ahigh degree of certainty (95% confidence interval = 100 +/- 10), adifferent
decison might be reached. Partitioning of the uncertainty might reved that the primary source
of uncertainty about culvert A was the lack of data on juvenile use of afew habitat types because
they tended to be inaccessble. Additiona information beyond the point estimates of 100 and
120 not only improves decisonmaking but also identifies critica knowledge gaps that can be
filled with additiond field andyss. We emphasize that dl information used in habitat analyses
should include both the vaue and an estimate of the associated uncertainty.

This chapter provides four short examples of uncertainty in habitat management issues
related to recovery planning. We describe how management might be improved by
acknowledging and incorporating uncertainty-in the decisonmaking-process.~These examples
are purposefully smplified. We hope that by deleting site- specific and mathematica details, a
generd framework for incorporating uncertainty into these decisons can be expressed more
clearly. References are provided for each example so that interested readers can locate more

detalled informetion if required.

Example 1: Evaluating a Prediction

Managing uncertainty involves acknowledging, quantifying, and communicating the
sources of uncertainty in available information, including predictions on which management
decisonswill be based. By prediction, we mean a predicted vaue or a predicted rdationship,
for example, effects of high flows on egg survivd, habitat capacity estimates under different
conditions, effects of various restoration techniques, estimates of extinction risk or population

trgjectories, etc. Decisions can then be based on both the predictions and the uncertainty



108
***FOR REVIEW ONLY***
surrounding them. In this example, we break the uncertainty of a habitat capacity prediction into
five classes: predictive uncertainty, parameter uncertainty, model uncertainty, measurement
uncertainty, and natural stochastic variation (Table 8-1). We work backwards from a prediction
of habitat capacity for a particular watershed to identify the component sources of uncertainty.
We provide examples of how each type of uncertainty arises, how it might be quantified, and
how it might be reduced. We conclude each subsection with a summary of how decisonmaking
can be improved by quantifying and acknowledging each class of uncertainty.
| dentification of each potential source of uncertainty is vauable becauseit tells us where
to be skeptica and what additiona information or analyses might provide the best reduction in
uncertainty or improvement in precison. A series of questionsto ask of any prediction is
provided in Table 8-2. In some cases,it:may: turn out thet the predictive uncertainty is so large

that the available information provides little guidance.

Prediction Uncertainty

Prediction uncertainty includes uncertainty that results from the natural stochastic
varigion of the sysem being modeled, measuremert uncertainty of the data used to build the
modd, uncertainty surrounding the form of the mode, and parameter uncertainty. In addition,
predictions include uncertainty that results from applying the modd to anew Stuation. A
capacity prediction for Watershed X might be based on past data for the same watershed or on
past data collected in other watersheds. In either case, the predictionislikely to be used for
edimating potentid future conditions, clearly anew sStuation. The uncertainty associated with
these extrapolaions or amilar extrgpolations from, say, the laboratory to the fid, is difficult or

impossible to quantify but should be considered and described.
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Prediction uncertainty can be assessed to some degree by “ground-truthing” and by
smulation sudies. In smulations, the modd is constructed and parameterized using a subset of
the data. The modd is then assessed by how wdll it predicts the subset of data excluded from the
modd congruction. Neither of these methods will remove uncertainty associated with predicting
future conditions. A careful assessment of which mode components might be sendtive to
expected differences between current and future conditions or potentia changes in mechanism
over time can provide some basis for evauating the usefulness of modeled predictions. Modds
can be compared in their relative sengtivity to changing conditions. Modelsthat rely on
correlation rather than causation are particularly likely to have high levels of prediction

uncertainty.

Parameter Uncertainty

Every parameter in amodd isan estimate. Some parameters have abiologica
interpretation and are therefore like a prediction, for example, increase in habitat capacity per
mile of instream wood restoration. Including the uncertainty of these parameter estimatesis
critical for making good management decisons. If a20% increase in fish surviva for every mile
of ingtream wood restoration is reported, we could St back quite confidently after restoring five
miles. However, if dl the information had been presented (20% +/- 30% ), we would have been
better able to manage the land, perhaps by diversfying the types of restoration actions used, by
adding wood to a greater number of stream miles, or by choosing a different restoration action
with asmdler but more certain fish response.

For statistica models, these parameter estimates are developed from the data and

parameter uncertainty estimates are relatively easy to compute. For mechanistic models,
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parameters may be estimated from data, from smilar models of other phenomena, or by expert
opinion. Where parameters are not estimated from data, the uncertainty surrounding them can be
very difficult to quantify. Sengtivity andys's can be used to put bounds on parameter estimates
and to assess effects of parameter uncertainty. By systematically varying each of the parameters
in the modd, one can estimate the effect of small changesin parameter vaues on the model
predictions. Where smd| changesin parameter values lead to large changesin modd
predictions, it becomes dl the more critical to quantify, and if possible to reduce, the uncertainty
of parameter estimates. Mode s that are extremely senstive to small changes in parameter
estimates and which do not have adequate data to estimate those parameters well are not useable
management tools. Increased precison of parameter estimates can be achieved by collecting

more data or better data (datawith |ess measurement uncertainty):

Model Uncertainty

Nearly dl estimates and predictions used in management have an underlying mode,
ather explicitly or implicitly. Uncertainty exists about both the modd form (for example a
linear relationship versus a Ricker curve) and about which predictor variablesto include. In our
capacity example, we might have amodd that predicts habitat capacity as alinear function of
severd habitat parameters. wood density, pool density, gradient, adjacent land use, and water
temperature. Imagine that this modd isfit asasmple linear regresson. Thereis uncertainty as
to whether the effects of these five habitat descriptors are additive and have alinear rdationship
to habitat capacity. The linearity assumption may be valid for the range of, say, water
temperature for which we have data, but invaid outsde that range. We are dso unsureif these

five habitat descriptors are the best set of predictors. Why not basin area or flow, for example?
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Or why not choose asmaller set of habitat descriptors? Many statistical tools are available for
choosing between modds (adjusted r-squared, AIC, BIC, f-tests, likdlihood ratio tests). In
generd dl these techniques baance the degree to which the modd fits the data with the number
of parameters required to achieve that fit.

Model uncertainty can have enormous management implications. Models can be wrong
because they are not accurately describing the ecologica process or because they fail to include
an important predictor. If the model iswrong, it is easy for predictions to be of the wrong
meagnitude and even the wrong direction. In the habitat capacity example, usng alinear modd
for temperature could result in predictions of dramatically increased habitat capacity for
temperature reductions from 7°C to 0°C. In ecology, discussion of model uncertainty israre; yet
this is often where managers and.ecol ogists have made big mistakes: Our modd of habitat
effects on fish surviva once assumed thet fish surviva decreased with increasing amounts of
instream wood (ref). Failure to assess the possibility that this model was incorrect (ref) has
contributed to habitat degradation in the Pacific Northwest.

Mode uncertainty is very difficult to quantify because there are an infinite number of
possible models, and in most cases, none are exactly correct. Simulation studies are often used
to reduce mode uncertainty and examine other things. Smulation studies Smulate data from a
particular model and then ask questions about the behavior of that data. They can quantify the
degree to which mode structure impacts predictions. Beyond these tools, reducing model
uncertainty is extremely difficult. Schnute and Richards (2001) suggest that modd uncertainty
be managed by keegping an open mind, identifying al assumptions, and testing assumptions

continuoudly.
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M easur ement Uncertainty

Measurement uncertainty is smply the difference between the true value and our
recorded observation of it. Itisdirectly related to both the accuracy and precision of the
measurement technique and data processing. All observations have some level of measurement
uncertainty; it can be large and problematic or smal and negligible. Some phenomenaare
inherently difficult to measure and tend to have lots of associated measurement uncertainty, for
example, fish survivd in different habitats. Other information can be measured quite accurately,
for example, stream gradient.

In addition to adding noise or variability, measurement uncertainty can aso lead to bias.
Biasisadirectiond error that results from measurement using an inaccurate tool. Biased or
potentialy biased measurements might include subjective assessments or incomplete records. A
lessvigble form of bias occurs when ameasurement technique tends to overestimate in certain
conditions and underestimate in other conditions. A smple example is helicopter redd surveys.
Redds are easier to identify where there are fewer trees; therefore the accuracy of the
messurement depends on whether there are riparian buffers. If the bias is not corrected, the data
could end up being used in amode that therefore predicts increases in redd dengity with removd
of riparian trees.

Measurement uncertainty can be reduced but not eiminated. Replication isthe best way
to reduce measurement uncertainty though it will not remove bias. The best way to manage bias
isto estimate it and correct for it. At least some unbiased measurements will be necessary to
edtimate the bias. In some cases, measurement uncertainty can be very difficult to assess.

Expert opinion or subjective assessments, for example, are often used because no actua data
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exigs. Although it may be possible to determine how well experts agree with one another
(precision), it isimpossible to assess or quantify the relevant issue, which is accuracy.

In some cases measurement uncertainty can be chegp and easy to reduce. By quantifying
it, assessments can be made as to the vaue of collecting more data with the same technique
versus using a more expendve technique. Where biasisimpossible to measure or quantify,
sengitivity analyses (as described in the subsection on parameter estimation uncertainty) can
provide an assessment of the degree to which small amounts of measurement uncertainty or bias

in the input data might effect predictions.

Natural Stochastic Variation

Naturd stochadtic variation is theinherent random variability- in-ecologica sysems, such
as temperature or population fluctuations. It contributesto our inability to make precise
predictions. Increased amounts of process uncertainty reguire increased numbers of observations
(either more sites or more replications or both) to make estimates of a given precision (Shea and
Mangd 2001). Very high levels of process uncertainty may mean that estimates that are as
precise as needed are smply impossible to measure (Korman and Higgins 1997). Identifying
and quantifying naturd stochadtic variation will help usto distinguish between Stuationsin
which smadl amounts of additiona data should dramatically increase our ability to make good
decisons, and stuaionsin which additiona datais unlikely to provide sgnificant increasesin
accuracy of predictions.

Because stochadtic variation is a natura phenomenon, it cannot generaly be reduced to
increase the precision of our predictions. The best method for reducing itsimpact on prediction

uncertainty isto collect covariates. For example, water temperature may be highly stochastic but
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we can reduce the noise by dratifying observations with covariates such astime of day and
sream size. Beyond the use of covariates, process uncertainty is best managed by smply
quantifying and acknowledging it.

In conclusion, evauating the uncertainty of a prediction requires the dissection of that
uncertainty into its components—aquantifying and evaluaing each. By asking the questionsin
Table 8-2, we reduce the chances of making poor decisions because of poor predictions.
Uncertainty andyssiskey to identifying critica knowledge gaps, identifying options for

improving prediction precison, and making the best possible habitat decisons.
Example 2: Creating a Prioritized List of Restoration Projects

Prioritizing among potentid habitat actions is difficult because of uncertainty about how
fish may respond to changesin the environment. For example, we may have alig of potentia
actions, each of which is expected to increase pool habitat. However, there may be uncertainty
about the density of fish that can be supported by a given amount of pool habitat. By explicitly
including the uncertainty in adecison table, we can identify the actions with the highest
expected find fish dengity (ref).

The firdt task is to describe the “dternative states of nature’ and ascribe probabilities to
these dternative states. In this example, the dternative states of nature are the dternative
hypotheses about how many juveniles are supported by a given area of pool habitat. Table 8-3
presents some sample hypotheses and associated probabilities. The probabilities associated with
each hypothesis may be generated in anumber of ways. One method that can combine multiple
types of information is Bayesian meta- andys's, which can pull together information from

different sudies (ref.). If only limited or ambiguous data are available, expert opinion can be
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solicited to assgn probabilities to the various hypotheses. Numerous texts describe
methodologies for soliciting expert opinion (ref). As noted esewhere in the chapter, it is
impossible to know if expert opinion is correct precisely because we use it in Stuations for which
we have no data. If expert opinion is used to assign probabilities to the hypotheses, then the
prioritized list that emerges from the decision-analys's process will be aformaization of those
opinions.

The next step isto associate an “outcome” with each potentia action, assuming each of
the dternative hypotheses about the Sate of natureistrue. For example, if the hypothesis that
pools can support 5 fish/n is true, then the number of fish expected from the remova of culvert
A might be 2,744 fish. In this example the outcome is number of fish, but other gppropriate
outcome units could be selected (such asfish/$). Thisoutcomeisca culated:based on an
assessment of the number of pools that would be made available after remova of the culvert.
More redistic and detailed decison tables might aso include additiona information such asthe
number of riffles, the types of pools, the depth of the pools, or the quality of the expected pool
habitat. Table 8-4 shows potentia outcomes, in total fish, for anumber of potential management
actions as a function of fish density in pools.

Finaly, we can caculate the fina expected outcome of each of the potentia actions,
given the probabilities of the states of nature (Table 8-3). The fina expected outcome of each
action can be caculated as the sum of the expected outcomes for each state of nature (Table 8-4)
times the probability that the state of nature istrue (Table 8-3). For example, the expected
outcome for removal of culvert A is2744* 0.1+ 4892 * 0.3 + 5248 * 0.5 + 5786 * 0.1 = 4945.
Table 8-5 shows the expected outcome for each of the four potentia actions. Remova of culvert

A would be expected to provide the largest increase in total number of fish.
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Thisisan extremdy smple example. Hypotheses about the states of nature will often
involve more than asingle dimengion (i.e., more than only pool density). Many types of
information can be included in the andysis, but there will often only be one or two criticd
uncertainties that drive adecison. Decison tables provide a structured method for including and
communicating uncertainties. Clearly communicating the decision path is one of the greatest
vauesin congtructing decison tables. Decision tables can easily be constructed for many of the
examplesin this document. For example, the methods for prioritizing retoration actions
described in Chapter 5 could be modified to include uncertainty about fish response, restoration

cogts, or habitat quaity by using the decision table methodology described here.

Example 3: Water Quality and Salmon Health, Uncertainty Across

Multiple Scales of Biological Complexity [incomplete]

We have, & best, an incomplete understanding of chemicd habitat quality in dl but the
mogt prigtine river sysemsin the Pacific Northwest. The absence of environmenta monitoring
datafor many contaminantsis acritical source of uncertainty. If basdine environmentd
conditions have not been defined, it can be very difficult to estimate the impacts of pollutionon
the hedlth of saimon or the integrity of aguatic food webs. The mogt difficult chalenge facing
naturd resource managers is perhaps the sheer number of different chemicals that human
activities ddliver to river sysems and estuaries. Thelist of chemicasthat are potentidly toxic to
samon or aguatic ecosystemsisvery long. It includes chemicas such as pedticides, metds,
surfactants, PCBs, dioxins, hydrocarbons, plagticizers, detergents, pharmaceuticals, and various

industria solvents. These contaminants occur in complex mixtures that vary congderably in



117
***FOR REVIEW ONLY***
time and space. SAmon habitat conditions may reflect current land use activities or, for the more
persstent chemicals such as DDT, activities that were restricted or banned many years ago.

Recovery plansthat are structured around physical processes may fail to capture
important spatia patterns of chemica habitat degradation. For example, water quality a a
specific point within awatershed may be determined by land use activities that are far removed
from the focus of arestoration effort. For persistent or bioaccumulative pollutants such as PCBs
and DDTs, sdlmon can integrate chemica habitat quality throughout their entire geographic
range. A seriesof exposures to persstent chemicaswill ultimeately determine asamon's
accumulated toxic burden and, in turn, the likelihood that a critical threshold for the health of the
animd will be exceeded. In a sense, migratory sdmon carry alegacy of site-specific pollution as
they move on to new environments. Thiscreates biologica linkagesbetween.chemica habitats
at scaes that may exceed the scope of arecovery plan.

The tempord determinants of chemica habitat quaity are dso complex. On the one
hand, surface water runoff can impact stream conditions on atime scae of hoursto days.
Conversdly, perdastent chemicals can degrade sediments for decades or longer. Chemica inputs
to rivers and coastal ecosystemns are dynamic and can change in a matter of weeks or months.
For example, hundreds of different pesticides are now in use in the Pecific Northwest. The Site-
specific gpplications of pesticides will vary as cropping patterns change, new chemicas are
phased in, and old chemicds are phased out. Consequently, the specific functiond relationships
between water quaity and sdlmon hedlth can be expected to change from season to season and

year to year.
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The Importance of Biological Scale

Pollution is an important habitat concern for the vast mgjority of threatened and
endangered salmonids in the Pacific Northwest. Accordingly, habitat-based modes for sdmon
recovery should capture the biologica significance of water and sediment quaity. There are
severd reasons why they usualy don't. First, “chemicd habitat quality” can be very difficult
and expensive to define. Second, there is agenera absence of toxicologica datafor most of the
chemicals that have been detected in salmon habitat. Only afew studies have specificaly
addressed the impacts of these contaminants on simon hedlth or on the integrity of agquetic
communities in the Pacific Northwest. Third, effects at the scale of naturd populations are
rarely consdered in aconventiona toxicologica study. Many endpoints, or biomarkers of
exposure, have no clear or consistent relationship to the surviva or reproductive success of the
exposed anima. Consequently, there is often a disconnect between the biologica scae of

toxicologica studies and current habitat recovery models,

The legacy factor — the adverse impacts of degraded water or sediment quality may not
immediady manifes & aparticular Ste. Instead, key sysems may fal a alater and criticd life

history stage (New Brunswick nonylphenol example).

The integration factor — a particular concern for bioaccumulative chemicas, snce
sdmonids are highly migratory. Salmon are, in certain respects, integrators for habitat quaity
throughout their geographical range, and the adverse affects (or threshold) of a persistent

chemica depends on the total accumulated body burden. Therefore, there can be important
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linkages in chemica habitat quality at spatia scalesthat are beyond the scope of most habitat

recovery plans. Mercury, DDTS, PCBs....

Reconciliation

Despite dl of the uncertainty, there are ways to establish cause and effect reationships
that are meaningful at biological scaes used in habitat recovery planning. Explain. Usethesein

the decision process.

Example 4: Inadequate I nformation for Making a Decision

A careful and honest examination of uncertainty in data, predictions, and modds will
inevitably lead to the identification of many Situations in which adequate data for making a data-
based decison are smply not available. We strongly discourage basing the decision on biased or
imprecise predictions, prioritization systems for which guesswork must be substituted for data, or
information that becomes inaccurate or imprecise at the scale for which the decison must be
made. Ingtead, we suggest explicitly providing arationd for the decision that requires minimal
data.

The most important characteristics of adecison rule are that it is can be documented and
that it isrobust. Documentation isimportant because future managers will need to understand
the basisfor the decison. This requrement prevents arbitrary decisions in the face of inadequate

data. Decison rulesthat are robust to the uncertainties in the information prevent risky
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management decisions (Schnute and Richards 2001). Decision rules that have been presented in
the literature include the following two examples.

The Precautionary Principle can be defined as “when an activity raises threats of harm to
public hedlth or the environment, precautionary measures should be taken even if some cause
and effect relationships are not fully established scientificaly” (ref). Becausethisprinciple
shifts the burden of proof to those who creste risks and does not define which risks are most
important (Hilborn et a. 2001), it has generated much controversy. However, there are many
examples of nationa and international policies that have been based on the precautionary
principle. European environmenta law is based on the precautionary principle through the
Treaty on European Union, 1992 (Foster et a. 2000), and the United States is bound by
internationd tregties, including the Rio Declaration from the WUnited Nations Conference on
Environment and Development, to implement the precautionary principle in environmenta
hedlth protection (Raffensperger and Tickner[year]). While we are not advocating this particular
decisonmaking rule, we presant it as an example of ardatively ample guiding principle by
which high-level decisions can be made before adequate data are available.

Safe minimum standard (SMS) is another decisionmaking rue that has received
consderable attention. The SMS approach is a collective choice process that prescribes
protecting aminimum level of arenewable resource unless the social costs are excessve
(Berrens 2001). This approach to making environmental decisonsis usudly invoked in settings
involving congderable uncertainty and potentidly irreversble losses. Again, there are multiple
potential sources of controversy. We present this approach for comparison to emphasize the

importance of carefully choosing the decisionmaking principle and documenting exactly what
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congderations should be involved. The choice of aguiding principle will dictate management
decisons until improved informetion is avallable.

The choice of adecisonmaking rule need not be so theoretical. Chapter 2 discussed the
need to define a habitat strategy that includes gathering additiona data and taking interim
actions. Theseinterim actions are an excdlent example of ausing a guiding principle until
adequate data become available. Chapter 5 presented guidelines for selecting restoration actions
before dl of the habitat datais available. Thisisasmple and effective method for dealing with
incomplete information.

In conclusion, we emphasize that inadequate data does not need to prevent decisons from
being made. It is possible to implement dtrategies that require minima data. Such drategies are
preferable to usng biased orimprecise predictions, guesswork-disguised-asdata, or information
that isingppropriate to the scae of the decision. Applying such adrategy caries with it two
obligations. Firgt, we must try to improve the information available for the decison in the
future. The analyses described in the first example of this chapter (evauating a prediction) can
be used to identify and reduce critica information uncertainties. Second, we must set atime
frame for reevauating the decision. In the best possible scenario, decision Strategies that require

minimal data are used Smply asinterim measures.
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Table 81. Tools and methods for quantifying and reducing uncertainty.

Class of uncertainty

Brief definition

Habitat example

Methods for quantifying

Possibilitiesfor reducing

Prediction uncertainty

Difference between the
modeled response and the
true response.

Uncertainty of predicting
habitat capacity of agiven
watershed after instream
restoration.

L eave-one-out estimates of
prediction error rates.
Simulation studies
comparing conditions
where modd was built to
thosein which it isbeing
applied.

Collect data for conditions
in which predictions are
required.

Do not extrapolate beyond
conditions under which
model was devel oped.

Parameter uncertainty

Difference between the
true parameter (such as an
average or aregression

Uncertainty of parameters
describing changein
capacity as afunction of

Statistical theory for model
coefficients derived from
data.

Collect more data or more
accurate data.
Collect data over awider

coefficient) and the changes in watershed Sengitivity analysis for variety of conditions.
parameter as estimated condition. mode coefficients
from the data. estimated from other
Sources.
Mode uncertainty Difference between natural  Uncertainty in the Statistical descriptions of Consider wide variety of
system and the relationship between modd fit: AIC, BIC, models.
mathematical equation habitat conditionsand fish  likelihood ratios, -
used to describe it. capacity. Uncertainty in statistics.

Includes modd form and
set of predictors.

which habitat descriptors
are the best predictors of

fish capacity.
Measurement uncertainty -~ Difference between true Uncertainty in Test accuracy of Improve measurement
value and the recorded measurements of dataused measurement technique techniques.
value. to build the predictive againgt standard method or  Increase the number of
modél, i.e. fish or redd known vaues. replicates.
density under differing Cadlibrate biased
habitat conditions. measurement techniques.
Natural stochastic Inherent random Natural fluctuationsin Variance of the observed Collect covariates.
vaiaion vaiability. populétion Sze, habitat data. Collect more replicates for

sdlection, or habitat

Variance of the observed

conditions of interest.
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conditions. data for different sets of
conditions.
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Table 8-2. Questions to guide the evaluation of predictions.

Prediction uncertainty

How similar are the conditions under which the origina information was gathered to those for which the
prediction is being made?

How sengitive is the model (data, mechanism, and parameter estimates) to site-specific details?

Parameter uncertainty
Is the prediction sensitive to small changes in parameter estimates? If so, how precise are the estimates of
those parameters?

Model uncertainty
What are the assumptions on which the prediction is based? How sensitive is the prediction to these
assumptions?

Measurement uncertainty
Could any of the information on which the prediction is based be biased?

Table 8-3. Example dternative hypotheses about the states of nature (i.e. density of fish per nt of pool
habitat). The probabilities describe the relative likelihood that each hypothesisistrue. All
probabilities must sum to one.

Hypothesized fish dengity 5 10 15 20
Probability hypothesisis correct 0.1 0.3 0.5 0.1
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Table 84 Expected outcomes for potential habitat actions (total fish) as a function of hypothesized fish

density per pool.
Potential action Hypothesized fish density per pool
5 10 15 20
Remove culvert A 2744 4892 5248 5786
Remove culvert B 2844 3400 3858 6457
Remove riprap 2012 4172 4260 4340
Add wood 1568 3410 5963 6230

Table 85. Overall expected outcomes (increase in total number of fish) of potential actions.

Potentia action Expected outcomes
Remove culvert A 4945
Remove culvert B 3879
Remove riprap 4017

Add wood 4784
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GLOSSARY

Anadromous

Moving from the sea to fresh water for reproduction.

Anthropogenic

Caused or produced by human action.

B-1BI

Benthic Index of Biological Integrity

Biodiversity

Biologicd diversty in an environment asindicated by numbers of different species of plants
and animals.

Biological integrity

Biota
The floraand fauna of aregion.
Channd width (wetted width and bankfull width)

Bankfull width is the channd width between the tops of the most pronounced banks on either

Sde of a stream.
Culvert

Buried pipe or covered structure that allows a watercourse to pass under aroad or

underground.
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CWA

Clean Water Act

Digtributary (also, distributary channdl)

A branch of ariver or stream that flows away from the main channd and does not rgoin it.

Disturbance

Introduction of an unwanted condition into a system or interference with a habitat’ s normal
or exigting conditions.

Ecoregion

An area determined by Smilar land surface form, potentid natura vegetation, land use, and
soil; it may contain few or many.geol ogical-districts (Omernik-1986):

Ecosystem

The system of dl the living and dead organismsin an area and the physica and dlimetic
features that are interrdated in the transfer of energy and materid.

EIA

Effective impervious area

Endangered species

A speciesin danger of extinction throughout al or a significant portion of itsrange.

ESA

Endangered Species Act

ESU

Evolutionarily sgnificant unit: An ESU is “apopulation or group of populations thet are 1)

subgtantialy reproductively isolated from other populations, and 2) contribute substantialy to
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the ecologicd or genetic diversity of the biological species (Myerset d. 1998).” It is sometimes
represented as a spatial areaas well.

Field data (compareto remotely sensed data)

Floodplain

Lowland area bordering a stream, onto which it spreads at flood stage.

GIS

Geographicd information system

Glide

Rdatively dow and shallow stream section with water velocitiesof-10-20.cm/s and little or
no surface turbulence.

Hydromodification

| Bl
Index of biologica integrity

Impoundment

Interim strategies and actions

Landsat
Landsat satellites supply globa land surface images.
LWD

Large woody debris: Any large piece of woody materid that intrudes into a stream channd.
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Main stem
Principle stream or channd of awatershed system.

M ulti-species management

Outlier

In gatigtics, any data point exhibiting anomaous behavior.

Population

A group of individuas of a speciesliving in acertain area that maintain some degree of
reproductive isolation.

Poal:rifflexglideratio

Ratio of the respective surface areas or lengths of pools ta rifflesto glidesin a given stream
reach, often expressed as the relative percentage of each category.

Reach

Recovery

Redd
Nest in gravel, dug by afish for egg deposition, and associated gravel mounds.

Refugia

Remotely sensed data (compareto field data)
Data gathered at aremote station or platform, asin satellite or aeria photography.

Restoration



148

***FOR REVIEW ONLY***

Riffle

Shalow section of ariver or stream with rgpid current and a surface broken by boulders,
rubble, or gravel.

Riparian

Relating to or Stuated on the area between a stream or other body of water and the adjacent
upland.

Riprap

Layer of large, durable materials used to protect a stream bank from erosion; may aso refer
to the materials used, such:asrocks or-broken concrete.

Salmonid

Fish of the family Sdmonidae, including sdmon, trout, and chars.

Seral

Of, relating to, or condtituting an ecological sere. (A sereisaseries of ecologicd
communities formed in ecologica succession.)

Side channd

Smolt

Juvenile smonid in its seaward migrant sage.
SMS

Safe minimum standard

Species
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Stochastic
Of or relating to uncertainties or random variables.
SWAM
Sdmonid Watershed Analysis Modd: alarge scae landscape andyss for identifying high

priority areas for saimon habitat restoration.

Taxa

Plurd of taxon, ataxonomic group or entity.

TRT

Technicd Recovery Team:The TRT-isresponsble for edablishing-biologically-based ESA
recovery goas for listed salmonids within agiven recovery domain. Members serve as science
advisors to the recovery planning phase.

Threatened species

A species not presently in danger of extinction but likely to become so in the forseeable
future.

VSP

Viable SAmonid Population

WDFW

Washington Department of Fish and Wildlife

Watershed (also basin or catchment area)

The drainage area of a stream.
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Abstract

The Skagit Watershed Council adopted a salmon habitat restoration strategy that strives
to identify: 1) the naturd landscape processes active in awatershed, 2) the effects of land use on
natural processes, and 3) the causal relationships between land use and habitat conditions.
Therefore, habitat restoration and protection actionsare directed a restoring the disturbed
habitat-forming processes instead of attempting to build specific habitat conditions. In the first
phase of gpplying the strategy, the Council uses existing GIS data and field-based inventories to
identify disturbances to five different landscape processes. The second phase relies solely on
fidd-based inventories to identify disrupted processes. We find that 23% and 46% of the 8,544
kn? Skagit River basin is likely impaired with respect to pesk flow and sediment supply,
repectively. Field-based inventories have identified 328 km of channdl blocked from fish use
and 130 km of stream corridor in need of riparian restoration with about athird of the basin
inventoried. These andyses have led to identify more than 400 individua restoration projects
and been completed in one year. Totd cost of developing the restoration plan (both first and

second phases) is projected to be less than 1% of the projected restoration costs.

Key Terms. Sdmon Habitat Restoration, Aquatic Ecosystems, Watershed Management
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I ntroduction

Escapement levels of Pacific Northwest and British Columbia salmon stocks have
declined dramaticaly in the past century due to habitat loss, high levels of harvest, and changes
in ocean conditions. Land-use induced freshwater habitat |0sses were associated with the decline
of nearly dl of the stocks a-risk in arecent sudy by Nehlsen et d. (1992). However, the
recognition of the causes of these declines and the desire to restore saimon runs has not led to
gpecific plans for recouping habitat lossesin large watersheds. Rather, most habitat restoration
actions have been conducted in an unplanned and uncoordinated fashion.

In 1997, the Skagit Watershed Council (SWC) was formed to support the voluntary
retoration and protection of samon habitatsin the Skagit River baain of Washington State.
Today the Council is comprised of 36 member organizations including private industria and
agricultura interests, Sate and federa agencies, local governments, tribes, and environmenta
groups. 1n 1998, the Council adopted a salmon habitat protection and restoration strategy that
recognizes the influence of land use and resource management activities on naturad landscape
processes, which result in changed habitat conditions (SWC 1998). Since 1998, members of the
SWC have completed an interim gpplication of the strategy, which identifies causes of degraded
habitats in the watershed and restoration actions that are needed to restore habitats over the long
term. In this paper we briefly describe the trategy and methods, and present the preliminary
findings of the analyses. We adso discuss costs of the andysis relative to projected costs of

restoration actions.
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Overview of the Restoration Strategy

Figure A-1 isaconceptud diagram illustrating how watershed controls (ultimate and
proximate) and natura landscape processes combine to form various habitat conditions.
Ultimate controls are independent of land management over the long term (centuries to
millennia), act over large areas (>1 kn), and shape the range of possible habitat conditionsin a
watershed (Naiman et d. 1992, Beechie and Bolton 1999). Proximate controls are affected by
land management over the short term (£ decades), act over smaller areas than independent
controls, and are partly afunction of independent factors (Naiman et al. 1992). Landscape
processes are typicaly measured as rates and characterize what ecosystems or components of
ecosystems do. For example, sediment or-hydrologic processesin a watershed may be
characterized by the rates (volume/arealtime period) a which sediment or water is supplied to
and transported through specific locations of awatershed. Some riparian related functions can
be viewed smilarly. For example, large woody debris (LWD) “recruitment” is Synonymous
with the idea of supply while LWD “depletion” isthe result of both LWD transport and decay
rates. Natura rates of landscape processes are here defined as those that existed prior to
widespread timber harvest, agriculture, or urban development.

The Skagit Watershed Council’ s habitat protection and restoration strategy describes a
scientific framework and set of procedures for identifying and prioritizing activities that restore
or protect aguatic habitat (SWC 1998). The scientific framework strivesto identify: 1) the
natural landscape processes active in awatershed, 2) the effects of land use on natural processes,
and 3) the causd relationships between land use and habitat conditions. It focuses not on the

symptoms of watershed degradation but on the fundamenta causes, and encourages restoration
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and protection of natural landscape processes that formed and sustained the habitats to which
samon stocks are adapted. Judtification of this approach is based on our understanding from
current literature that natural landscape processes create and maintain the “natura” habitat
conditions in which native aquatic and riparian species have adapted (e.g., Peterson et a. 1992,
Doppelt et a. 1993, Reeves et d. 1995, Ward and Stanford 1995, Beechie et a. 1996, Kauffman
et al. 1997).

We gpply the strategy by systematicaly identifying land-use disruptions to landscape
processes that form salmon habitat. These processes include pesk flow hydrology, sediment
supply, riparian functions, channe-floodplain interactions, habitat isolated from salmon access,
and water quaity. Using aseries of diagnostic screens, we |ocate disturbances to habitat-
forming processes, and identify actions (i.e., projects).required to correct the disturbances. This
paper reports the progress made by the Skagit Watershed Council in applying its strategy within

the range of anadromous salmonids of the Skagit River basin in northwest Washington.
Study Area

The Skagit River basin drains approximately 8,544 knf of the North Cascade Mountains
of Washington State and British Columbia (Figure A-2, section A). Elevationsin the basin range
from sealeve to about 3,275 m (10,775 ft) on Mt. Baker. Numerous peaks in the basin exceed
2,500 min eevation. Average annua rainfdl ranges from about 90 cm (35 in) a Mt. Vernon on
the lower flood plain, to over 460 cm (180 in) at higher evationsin the vicinity of Glacier Peak.
Severd vegetation zones occur in the sudy area. As defined in Franklin and Dyrness (1973),
mogt of the lower elevations are in the western hemlock zone. These forest zones typicaly

include western hemlock (Tsuga heterophylla), Douglas fir (Pseudotsuga menziesii), western red
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cedar (Thuja plicata), and sitka spruce (Picea gtchends). Deciduous speciesin this zone include

red alder (Alnus rubra), black cottonwood (Populus trichocarpa), and big leaf maple (Acer

macrophyllum). Middle eevations are in the Pacific Slver fir (Abies amahilis) zone, and higher
devationsarein the dpinefir (A. lasiocarpa) zone (Franklin and Dyrness 1973).

The Skagit River basin is comprised primarily of mountain drainages, with fewer lowland
sub-basins (low topographic relief and low devation). The hydrographs of most low-elevation
forested sub-basins are dominated by autumn and winter rainfall floods (Beechie 1992).
Conversdly, oring snowmelt floods typicaly dominate the hydrographs of high eevation sub-
basinsin the eastern Skagit. Mot areas of the Skagit basin are of intermediate elevation and
exhibit both rainfal and snowmelt floods:~L.owland sub-basinsare generaly-located in the
western valey (rain dominated) and are usudly more highly developed by urban and agricultura
land use than the forested mountain basins (Lunetta et a. 1997).

Land development (primarily logging and draining or clearing lands for agriculture)
began around 1860. About 1590 kn¥ (615 mi2, 19%) of the basin is currently in private and
State of Washington ownership. Land uses are dominantly agricultura and urban in the lower
flood plain and delta areas, and upland areas are generally commercia forests. About 3680 kn?
(1420 mi?, 44%) of the basin lies within the federally-owned North Cascades National Park, Mt.
Baker and Ross Lake National Recrestion Areas, and Glacier Peak Wilderness Ares; the
U.S.D.A. Forest Service controls an additional 1960 kn? (755 mi?, 24%) of the basin in the Mt
Baker-Snoquamie Nationa Forest. Approximately 1040 knt (400 mi?, 13%) of thebasinisin
the Province of British Columbia

Anadromous salmonids indigenous to the basin include chinook samon (Oncorhynchus

tshawytscha), coho salmon (O. kisutch), pink sdlmon (O. gorbuscha), chum saimon (O. keta),
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sockeye salmon (O. nerka), steelhead trout (O. mykiss), cutthroat trout (O. clarkii), and native
char (Sdvdinus 7). Access to anadromous fishesis generdly confined to eevations below 700
m by natura barriers. Upstream migration to the Baker River system has been diminated by the
ingdlation of two hydrodectric dams, but anadromous fish production - primarily coho and
sockeye samon - is maintained through trapping and hauling operations, in addition to the
maintenance of sockeye spawning beaches and smolt bypass trapping. The extent of salmon

upstream migration in the Skagit River basin is shown in Figure A-2, section B.

M ethods

We andyze disturbances to watershed processes in the Skagit River basin in two phases.
In thefirgt (interim) phase, we locate disturbed habitat-forming processes using a combination of
exigting Geographic Information System (GIS) data and field-based inventories to identify
disturbances to pesk flows, sediment supply, riparian functions, channed-floodplain interactions,
blockages to sdimon migration, and water quaity. The second phase (to be largely completed
during the next two years) relies solely on field-based inventories. Both phasesrely on GISto
anadyze and maintain landscape process data over the 8,544 knt area of the Skagit River basin.
This paper describes only the methods and results from Phase 1.

We have used more than 30 different GIS themes and partid field inventories to gpply
the landscape process screens identified in the Strategy. The existing GI'S themes provide low-
resolution data covering the entire river basin. These data give us a good overview of habitat-
forming processes in the entire basin, but can give erroneous answers to our questions about
specific reach leve sites (10°-10" meters linear scale). Field inventories provide high-resolution

data, but with only limited coverage at present. Because fidld-inventories are more reliable a
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gpecific Sites, the Skagit Watershed Council members have made along-term commitment to
collecting fidd-based information basin-wide.

We andyzed selected |andscape processes that form salmonid habitats in the Skagit River
basn. We sdlected these andlyses based on current scientific knowledge of their effects on
sdmonid habitat and surviva of sdmon in freshwater, as well as knowledge of how variousland
use practices affect the processes (Table A-1). We recognize that the list may not include dl
impacts to samon in the watershed. However it includes those thet are clearly supported by
scientific literature and are responsible for a significant proportion of the total lossin sdmon
production from the basin. For each process we developed a series of diagnostics based on rates
derived from scientific literature and local-studies. The diagnesticsandmethods for estimating
values are summarized in Teble A- 1.

We synthesized the ratings for individual landscape processes and functions into asingle
reach classfication that we call the generdized habitat types. The importance of identifying
generalized habitat types for watershed restoration isillustrated by Frissell (1993) and Doppelt et
a. (1993), where examples of habitat types are listed dong with their biotic objective and
restoration tactics. To gpply this concept in the Skagit, we derived generalized habitat types
based on smple correations between our understanding of anadromous fish life history
strategies and reach level habitat types (approximately 107 to 10* metersin linear scale) (Table
A-2). We assume that relationships between fish life stages and habitat for each indicator
species andyzed adequatdly identifies the “ habitats to which salmon stocks are adapted” in an
effort to be congstent with our god.

Our analysis used five species and four life stages to determine generdized habitat types.

The life history stages examined were 1) spawning/egg to fry, 2) summer rearing, 3) winter
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rearing, and 4) estuary rearing. Severa salmonid species present in the Skagit River basin were
excluded from the evauation due to lack of data or a patid biasin their distribution not related
to geomorphic habitat types. Native char were excluded due to alack of data describing their
habitat preferences over their complete life history. We know the spawning range of native char
is bias toward higher eevation headwater tributary basins which isincluded in the range of
historica anadromous fish access (Figure A-1, section B). Cutthroat trout were excluded
because of their spatia bias towards the lower eevation rain-dominated sub-basins of the Skagit.
Coho salmon habitat preference is smilar cutthroat, and the coho rangeincludes dl of the
anadromous cutthroat range in the Skagit, therefore we assume that coho relationshipsin our
analysis adequately represent-cutthroat: ~Sockeye were excluded-because the population is
limited to one sub-basin the Skagit: the Baker River.. While resdent rainbow trout (O. mykiss)
are found throughout the entire river basin, they are assumed to have the same juvenile habitat
preferences as steel head (the anadromous form of O. mykiss) which are included in our analyss.

Under prigtine habitat conditions (i.e., naturd disturbances only) we define reachleve
habitat types for anadromous salmonids in the Skagit as either “key” or “secondary” (Table A-2).
Key habitat is*“criticd” for at least one life stage or isa“preferred” habitat type by the mgority
of life stages conddered. Secondary habitat does not provide critica habitat for any life stage
and is not a preferred type by the mgority of life stlages consdered. Classification systems
described in Hayman et d. (1996), Montgomery and Buffington et d. (1997), Peterson and Reid
(1984), and Smenstad (1983) were used to define the different reach level habitat types. Loca
Studies used to designate whether the specific reach level habitat types were “criticd”, “key”, or
“secondary” for alife history stage included: Beamer and Henderson (1998), Beechie et dl.

(1994), Congleton (1978), Congleton et d. (1981), Hayman et a. (1996), Montgomery et d.
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(1999), and Phillips et a. (1980, 1981). Datafrom outside the Skagit (Queets River, Washington
in Seddl et ., 1984) were adso used to help understand juvenile fish use differences between
large main channds and off-channd habitats.

Under disturbed habitat conditions (i.e., both human and natura disturbances) we
designated reach-leve habitat types as. “key” when dl landscape screening results were rated as
functioning; “important” when & least one landscape screen is moderately impaired; “ degraded”
when at least one landscape screen isimpaired; “ secondary” when channe type is step-pool or
Steeper; “isolated” when upsiream of a manmade barrier to fish migration, or “unknown.” Some
reaches are desgnated as * unknown” because of the high probability of error in rating the
riparian condition correctly by-land cover-types.

Mainstem areas with any of the following conditions were consider degraded: riparian
buffer isless than 20 meters wide, streambank edge is hardened (e.g., riprap), or levee is present
within 60 meters of the bankfull channd edge. All other Lower Skagit mainstem areas were
congdered important. In the estuary, areasthat are hydromodified are considered degraded,
areas adjacent to levees are considered important, areas at least one distributary channel away

from alevee are considered key.

Results and Discussion

Hydrology — Changesin Peak Flow

We egtimate 23% of the mountain sub-basinsin the Skagit are very likely impaired or
likely impaired with repect to pesk flow hydrology (Figure A-3, section A). In lowland basins,

we estimate 7% of the streams historically accessible to anadromous salmon will be impaired
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when urban and residentia areas are fully built out, and 18% will be moderately impaired
(Figure A- 3, section B). We use the results shown in Figure A-3 to help evauate the likelihood
of success of proposed restoration projects. In general, we do not support restoration efforts
directly in or adjacent to channelsthat are classified as “impaired” without evidence
demondtrating that the propased work will not fail biologicdly or physicdly dueto the likey
increase to peak flows. We dso use the results to identify areas currently in good condition that
are planned for future development to an extent that hydrology islikely impaired. For these
areas we consider protection actions such as rezoning to aless intensive land use or acquigtion.
We dso identify areasto investigate for potentia restoration of hydrologic processes.

Reduced pesk flowsasaresult-of flood control changeachannel’ sability to create and
maintain the suite of diverse flood plain habitats to which aquatic species are adapted (Ward and
Stanford 1995). Annua pesk flowsin the Skagit River basin have changed since flow regulaion
through the condtruction of reservoirs capable of flood storage. Before flood storage capability,
floods in the lower Skagit River commonly approached or exceeded 5,500 cms, and floodsin
water years 1815 and 1856 were estimated at 11,327 and 8,495 cms, respectively. Sincethe
advent of flood storage capability, aflood approaching 5,500 cms has not yet occurred. The
number of floods between the 2-year and 100-year return period has been reduced by roughly
50% since dams were built on the Skagit and Baker Rivers (Table A-3). Flood storage on the
Skagit has likdy impacted channel-flood plain processes in reaches downstream of the dams, but
we have not yet quantified the effects. Until we have a better understanding of these impacts, we
view the dams as watershed controls (i.e., asshown in Figure A-1). That is, they operate
independently of our management control because they are licensed for up to 50 years and are

unlikely to be removed. Accepting thet this disturbance will not likely be dtered during the
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license period of each dam, the artificia crestion of off-channd habitat then may be justified in
stream reaches where off-channe habitat has been lost due to this disturbance. Alternatively, it
may be possible to re-establish certain channd-forming flows that have been diminated in the

past.

Sediment Supply

We estimated that 46% of the areain mountain sub-basins of the Skagit isimpaired with
respect to sediment supply (Figure A-4, section A). Our eva uation of the accuracy of the
method showed thet it correctly estimated the sediment supply rating for seven of the ten sub-
basins where sediment budget data were available. 1t over-estimated average sediment supply
for two of the ten test basins (i.e,, rated them impaired when they are functioning), and under-
estimated sediment supply for one sub-basin. Therefore, we recognize that this product should
not be used to identify potential restoration projects. Rather, it is used for project screening
where fidd-based sediment budgets are not available, and for genera planning watershed-levd
sediment reduction projects. For project screening, project proponents use this map to determine
whether the proposed project areais likely to have an impaired (i.e., high) sediment supply. For
reaches where sediment supply isimpaired, 1) sediment supply in the watershed should be
restored to “functioning” levels before downstream reaches are worked on, or 2) evidence
demongtrating that the proposed work will not fail due to increased sediment supply should be
presented.

Specific sediment reduction projects are identified based on the results of forest road
inventories. We focus on forest roads for sediment reduction projects because mass wasting

rates from forest roads averaged about 44 times more than mass wasting rates in mature forest
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(Paulson 1997). Currently, about 1,300 km of road are inventoried with another 3,000 km
remaining (Figure A-4, section A). RisK ratings from the current inventory showed that a
sgnificant number of forest roads in the Skagit basin pose alanddide hazard and potentialy
threaten fish habitat. Based on thisinventory, we will focusinitia sediment reduction projects
on the high-risk and moderate-risk road segments.

For example, the Bacon Creek watershed has 3.7 km and 18.6 km of high and moderate
risk roads respectively (Figure A-4, section B). The hightrisk road segments cross rlatively
more of the landforms sengtive to disturbance for mass wasting (e.g., inner gorges and steeper
hilldopes) than moderate or low risk roads. Sediment reduction projects on these roads would
reduce the risk of sediment-supply increasing.due to roads thereforeincreasethe leve of
watershed protection. Specific road projects primarily.involve stabilizing or re-contouring road
fills, removing stream crossings or improving drainage conveyance, and improving road surface
drainage. For river basin leve planning, we consider sub-basinswith the lowest total cost of

road restoration per kilometer of sdmon stream as the highest priority.

Riparian Function

Before interpreting the Landsat classfication of riparian forests, we used fidd inventory
results from 234 riparian Stes to describe the distribution of field-based riparian classifications
within each satellite- based forest class (Table A-4). All of the sampled “late-sera forest” Sites,
and between 92% and 88% of the “mid-serd forest” and “early-serd forest” sitesmet the>40m
wide riparian buffer criterig, fitting our functioning designation. Conversdy, 90% of the aress

mapped as “non-forest” had < 20 m wide riparian buffers, fitting our impaired designation.
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Areas mapped as “other forest” (ranging from clearcuts to mature hardwoods) were found to be
43% functioning, 15% moderately impaired, and 42% impaired.

Based on thisanalys's, we estimate that 29% of the non-main slem channelsin the
anadromous zone (by length) are in the non-forest land cover category, and therefore have avery
high likelihood of being impaired and in need of riparian restoration (Figure A-5). Conversdly,
19% of the non-main stlem channels in the anadromous zone are in the mid to |ate serdl forest
land cover category, and therefore have a high likelihood of being functioning and therefore
needing protection. While we can not accurately map stream reach scale riparian conditions
associated with channdls adjacent to al GIS land cover types, we can estimate with reasonable
accuracy the total of each riparian category-at. a larger scae. \Based.ontheresults in Table A-4,
we estimate the percentage of non-main sem channd.length in the Skagit anadromous zone by
each land use designation (Figure A-6).

Werdy on field inventories to identify actua restoration projects because of the above
mentioned limitations in the satellite classfication of riparian forests. We conducted fidd
inventories of riparian forests by walking al streams accessible to anadromous fish and assessing
the riparian vegetation conditions for each stream reach. We classfied riparian conditions by
buffer width, stand type, and age of vegetation within 60 meters of stream channels. From these
data, we selected dl stream segments with forested riparian vegetation less than 40 meters wide
as requiring planting, and al segments with evidence of livestock access to the stream channd as
requiring fencing. Riparian planting and restoration projects have been identified through a
series of fidd inventories. The inventories were completed systematicaly as four separate
projects between 1995 and 1998 in 24% of the Skagit’s sub-basins (Figure A-5). Together, the

inventories identified 130 km of stream corridor for riparian planting and fencing projects.
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| solated Habitats and Disrupted Channel-Floodplain I nteractions

The inventory efforts through September 1999 have identified 229 manmade barriers out
of 572 channd crossng structures with 32% of the anadromous zone inventoried. In tributary
habitat, 143 km of channel isblocked. In the delta, we estimate 185 km (56%) of the channels
have been isolated or lost to salmon access under present conditions (Figure A-7). Isolated
channels are those where a topographic channd and water exi<t, but juvenile or adult simon
access is blocked due to man-made disturbances. Lost channels are those aress that were
higtoricaly channels, but currently do not have clear atopographic channd or water present.

Because manmade barriers are not evenly digtributed throughout the Skagit River basin
and our inventory efforts have focused in areas where barriers are more common, we anticipate
that the mgority of the isolated-habitat in the basin has been found. Based on a sub-sample of
111 inventoried structures within sub-basins of the Skagit with amilar land-use intendity asthe
ub-basins yet to be inventoried, we found that 14% of the inventoried structures do not meet
fish passage criteria. Therefore, we expect to find about 150 more blockages in non-inventoried
aress of the bagin, blocking about 60 km (4%) of the estimated |length of tributary habitat in the
anadromous zone.

Upstream of the Skagit delta, 46 kilometers of stream banks have been rip-rapped (Figure
A-7). Inthe geomorphic ddta, 51 km (62%) of the mainstem channel edge is either hardened,
diked within 60 meters of the channdl’s edge, or both. These inventory results provide the basis
for identifying potentia rip-rap remova (or modification) projects, primarily where hardened

banks no longer protect capital improvements (e.g., house, road).
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Generalized Habitat Types

Thefind result of our andysisis the identification of generdized aquatic habitat types
throughout the entire river basin, which are based on samonid habitat preferences combined
with the results of the landscape process screens. The resulting analysisin the Skagit basin
yidds amosaic of reach-level habitat patches (Figure A-8). Key habitat areas have al habitat-
forming processes functioning at or near historic levels, and are targeted for habitat protection.
Because protection of habitat is generaly consdered less expengve than restoration, we view
key habitats as some of the highest priority areas for habitat expenditures. 1solated habitats are
typicaly the most cogst-effective restoration projects, and therefore receive strong consideration
for restoration funding. Important and degraded habitats are both areas that are targeted for
restoretion.

Secondary habitat will not be targeted for restoration under this trategy. That is, we do
not intend to “restore” secondary habitat to key habitat. However, it isimportant to understand
how secondary habitat may function in awatershed in order to protect or restore the other habitat
types. For example, the source of degradation may originate in secondary habitat (i.e., theidea
of contributing critical areas, discussed in Frissdl, 1993). In such cases, restoration of processes
originating in secondary habitat areas may be required in order to restore downstream degraded

or important habitats.

| dentification of Restoration Projects

The main objective of the strategy isto identify habitat protection and restoration projects

based on application of the landscape process screens. Together, our anadyses have led to the
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identification of more than 400 individua restoration projects. For example, our analyss of the
U. S. Forest Service road inventory identified approximately 650 km of high-hazard and
moderate-hazard roads that are candidates for restoration. Thetotal estimated cost for dl of
these roads (which does not include forest roads on state and private lands) is gpproximately
$11.6 million. We dso identified 122 riparian planting and fencing projects during inventories
of only 24% of theriver basin, with atotal cost estimated at $1,687,000. Of these riparian
projects, 39 are dready funded.

We completed migration barrier inventoriesin 13 out of 38 sub-basins, and identified 229
blocking structures. Some blockage remova projects have uncomplicated designs and relaively
clear benefits. These projects.can each be cons deredindependently of other-culverts because
sdmon currently access the culvert sites, and repair of the structures will provide benefits
commensurate with the amount of habitat upstream. By contrast, groups of completely blocking
Sructures on the same water course should be considered either in combination or sequentidly,
and projects that involve flood protection levees or coordination of numerous landowners require
feasbility sudies to determine suitable restoration actions. Currently we have alist of 36
isolated doughs and blind tidal channd s that require further assessment for design of appropriate
solutions.

Each restoration project is mapped on a GI S theme, and relevant data are stored in the
associated databases. These themes can be updated as new inventories are completed, or as
project status changes (e.g., design phase, congtruction, completed). Additionaly, we can
develop related databases for monitoring the effectiveness and codts of different project types.

Over time, the GIS maps and databases will help display progress made in restoring habitatsin
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the Skagit River basin, and will help us modify our actionsto more efficiently restore hebitet in

the basin.

Current Limitations and Future Work

Both lowland and mountain basin GI S-based results give us operating hypotheses for
pesk flow impairment throughout the river basin. Peek flow ratings for mountain sub-basinsin
the Skagit were devel oped based on an empirical correlation between land use and elevated peak
flows an adjacent basin (North Fork Stillaguamish River) because sub-basin flow data are
limited in the Skagit. The North Fork Stillaguamish River has exhibited a 38% increase in mean
annua maximum flow between 1928 and 1995 with dlimatic variables explaining less than 40%
of the increase suggesting that changes in the watershed condition has caused the baance of the
increase (Beamer and Pess 1999). However, future efforts for the mountain basin methodol ogy
must confirm that correlations between land use and pesk flowsin the North Fork Stillaguamish
are a cause-effect reationship, and then identify the appropriate thresholds for land use before
re-gpplying to the Skagit. The lowland basin methodology should be repeated with land cover
data that estimates current effective impervious area to complement the results reflecting
impervious area a fully developed watershed conditions per zoning designations.

FHeld-based sediment budgets more accurately estimate the sediment supply in a sub-
basin, and describe the relative effects of different land uses on sediment supply. Therefore, they
will provide more accurate information for project screening and planning than do our current
Gl S-based estimates. Field-based sediment budgets have been completed for approximately
12% of the totd area (Paulson 1997), and sediment budgets for the remainder of the basin will be

completed in 2001. In lowland basins, mass wagting is not a dominant sediment supply process,
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but increased fine sediment supply to channdsis directly related to urban, livestock grazing, and
agricultura land use. We anticipate future development of a surface erosion and sedimentation
screen for these low-d ope areas focusing on quantifying surface erason from agriculturd or
developed aress.

The U. S. Forest Serviceis continuing itsroad inventory. Similar road inventories have
not yet been conducted on state or private timber lands. The inventory method appears to be
gppropriate for identifying segments of road that pose the greatest threat to stream resources.
However, it does not identify the types and locations of work needed to reduce the landdide
hazard. We anticipate that some inventories will be more detailed than those used by U. S.
Forest Service, and will better-identify the specific work actions required for-each segment of
forest road.

Sadlite data do not provide sufficient informetion for identifying al riparian restoration
and protection actions at the stream reach level. The GIS-based riparian screenisreliable for
only late and mid-seral conifer dominated forest and non-forest areas. Because of the higher
probability of error in rating stream reaches by the remaining land cover types, they are excluded
from the interim screen. Therefore, the interim riparian screen is gpplied to only about 50% of
the anadromous zone (based on length). Fied inventories are far more reliable than remote
sengng data, and can provide sufficient information for stream reach leve project planning.
Therefore our primary task isto complete fidd inventory of riparian forest conditions throughout
theriver basin.

Thefidd-based inventory of man-made blockages to sdmon migration has been
completed for only a portion of the basin, but the future inventories are fully funded and should

be completed by 2001. Areas currently identified as “isolated” are accurately characterized as
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upstream of man-made blockages to sdmon becauise they are based entirdy on fied inventory.
We assume that some areas yet to be inventoried are “isolated”, although extrapolation from
current inventories suggests that no more than 4% of the remaining channd length islikely to be
upstream of a man-made blockage to sdmon migration. 1n addition to the remaining blockage
inventories, we have yet to complete our inventory of wetland habitat lossesin the ddta. The
wetland inventory should also be completed by 2001.

Water quaity parameters such as dissolved oxygen, temperature, turbidity, nutrient
loading, and levels of toxic substances are critical to sdmon health and survivd. Identifying
areas where water qudlity isimpaired and the various factors contributing to impairment, and
then addressing the causes of water quality-degradation is important-to-restoring salmon habitat
inthebasin. Currently, we consder stream reaches; lakes, and estuary aress that are included on
the Washington Department of Ecology’ s Candidate 1998 Section 303(d) Impaired and
Threatened Water Bodies listings as “impaired.” These water bodies are known to fail
Washington State' s surface water quaity standards, and are not expected to improve within the
next two years. We anticipate our future water quality screen to include locations of known
point and non-point sources that may contribute to water quality degradation in the basin. These
land use indicators will be used to identify areas where water qudity problems may exist, and to
direct further investigetion (e.g., water qudity sampling, benthic invertebrate community
andyses) to determine if water qudity is actudly impaired. The continuing objective will be to
improve the quality and quantity of water qudity data and land use informetion available to
guide restoration and protection of agquatic habitats.

The primary limitations in accurately identifying generdized habitat types are incomplete

natural landscape process screens and the accuracy of individua screensused. The consegquence
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of incomplete landscape process screens is an underestimate in the amount of * degraded” and
“important” habitat, and an overestimate of the amount of “key” habitat. However, we have high
confidence that areasidentified as “degraded” arein fact degraded. That is, thereisavery low
likelihood that aress identified as “degraded” with this andysis will later be identified as
“important” or “key” habitat. Conversdy, some aressidentified as“key” habitat with this
andysiswill be changed to “degraded” or “important” as more detailed information becomes

avalable,

Conclusons

The Skagit Watershed Council first identified its conceptud framework and diagnostic
criteria, thus enabling systematic gpplication of a strategy supported by al members. Without
this step, a systematic and objective inventory of habitat problemsin the Skagit basin would not
have been possible. Following development of the strategy, the Council quickly applied the
smplest diagnogtic criteria over the entire basin with limited funds. This effort yielded many
“no-brainer” project ideas (some are socialy “risky”), aswell as agood overview of the spatia
pattern of disturbance over the entire basin. By contrast, a haphazard inventory or professiona
judgement system would have produced lists of projects, but would not necessarily give
manager's the tools to be strategic or comprehensive in restoring saimon habitats. In other words,
managers would be unable to focus on important biologica hotspots or impaired landscape
processes because they lacked a comprehensive understanding of the causes of habitat
degradation in the basin.

The dtrategy recognizes that land use and resource management activities influence

natura landscape processes, which result in changed habitat conditions (Figure A-1). Therefore,
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restoration and protection actions idertified by implementing this strategy should be directed at
the habitat-forming processes instead of attempting to build specific habitat conditions.
Focusing actions on “building” habitat for specific species may be to the detriment of other
species and may not be sustainable due to potentid conflicts with naturd processes (Frissell and
Nawa 1992, Kauffman et a. 1997, Beechie and Bolton 1999). Instead, actions implemented by
this strategy will am to cregte the conditions necessary for natura landscape processes to
reetablish a levels Smilar to those that existed hitoricaly which should: 1) result in ahigh
likelihood of long-term project success, 2) protect and restore habitat for al salmonid species as
well as other native aguatic and riparian dependent species, and 3) ensure the effective use of
public and private restoration-funds.

The Skagit Watershed Council overcame diverse interests to develop and apply the
interim phase of its restoration and protection strategy in about atwo-year period. Thefidd
inventory phase of the strategy will be completed during the next two years. The cost of dll
inventories and anayses required to develop arestoration plan (including alist of required
restoration and protection actions) for the 8,500 kn? basin is only about $1.1 million. Thistotal
is less than the cost of opening one large isolated estuary channel and wetland complex ($1.9
million- U.S. Army Corps of Engineers, 1998) or afew culvert blockages on local or sate
highways ($250,000 to $600,000 each — Skagit County Public Works). The estimated cost of
potentid projectsidentified during this first phase of gpplying the strategy iswell over $100
million, suggesting that the total cogt of the inventories will be less than 1% of the cost of
restoration and protection actions. Moreover, development of the restoration plan should save

millions of daollars by avoiding projects that are not effective at restoring sdmon habitats. On a
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per unit area bas's, the cost of dl interim assessments and find fidd inventories will totd only
$210 per kn? assuming that costs remain relatively constant during the next two years.

Application of the Srategy gives the Council the ahility to become truly srategic in their
restoration and protection efforts by providing a consstent set of principles that guide restoration
actions, and by systematicdly identifying hundreds of restoration and protection projects that can
be prioritized and sequenced logically. Having acomplete river basin overview of landscape
processes and resulting habitat conditions alows the Council to set gods on how much
restoration or protection is needed to meet a pecific priority. The strategy alows prioritiesto be
based on localy defined objectives such as recovery of acertain species or completion of certain
types of restoration (Lichatowich et a 1995, Beechie et a. 1996).-However;prioritization does
not ater the types of projects enacted, but only alters the sequence in which projects are
completed (Beechie and Bolton 1999). Currently the Skagit Watershed Council prioritizes
projects based on the relative cost- effectiveness of different projects, which means that projects
protecting or restoring the greatest proportion of anadromous fish habitat function per dollar cost
are consdered higher priority. Additiondly, individua restoration groups may choose projects

from any list of projectsin order to fulfil their repective missons.
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Table A-1. Summary of background and methods used for rating individual landscape processes.

Background | Method description | References
Hydrology — peak flow in lowland basins

The degree of urbanization is correlated with increased Hydrologic impairment in lowland basins rated based on Beyerlein
flooding, degraded habitat, and lower sdlmonid populationsin planned effective impervious area (EIA), which isthe (1996), Booth
lowland basins of Puget Sound. When the 2-year flood weighted average EIA upstream of the stream reach under and Jackson
magnitude under current land use equaled or exceeded the 10- | fully developed conditions per land use zoning designation. (1997), Dinicola

year flood under “forested” watershed conditions, channels
were consistently degraded. Watersheds with effective

Weighted average EIA was caculated using GIS by assigning
EIA vauesto polygons based on land use zoning

(1989), Moscrip
and

impervious area (EIA) greater than 10% always had degraded | designations. EIA £ 3% is considered “functioning”, EIA Montgomery
channels whereas watersheds with EIA £ 3% had high species | between 3% and 10% is “moderately impaired”, and EIA (1997), WDF
and habitat diversity and abundance. >10% is “impaired.” (1994)
Hydrology - pesgk flow in mountain basins

Increased peak flows result in an increased frequency of Peak flow ratings for mountain sub-basins in the Skagit were | Beamer and Pess
channd forming and bed mobilizing flow events, leading to devel oped based on an empirica correlation between land use | (1999), Jones
channel destabilization, less complex habitat; and increased and elevated peak flow in an adjacent basin because sub-basin | and Grant

bed scour depths significantly affecting salmonids. Two flow data are limited in the Skagit. Sub-basinswith morethan | (1996), Lunetta
common land use causes of increased peak flow in forested 50% watershed area in hydrologicaly immature vegetation et a (1997),
mountain basins relate to hydrologically immature vegetation due to land-use and more than 2 km of road length per km® of | Montgomery
and forest road drainage. Hydrologically immature watershed area are rated “very likely impaired”. Sub-basins | (1993),
vegetation has relatively low canopy density in winter, exceeding one or the other of the criteria are considered Washington
alowing increased snow accumulation and melt, resulting in “likely impaired”. Sub-basins that do not exceed either Forest Practices
higher runoff rates than areas with hydrologically mature criteria are considered “functioning.” Board (1995)
vegetation. Forest road ditches extend the channel network,

resulting in more rapid routing of water to main stream

channels than basins without road networks.

Sediment

Clearcutting and forest roads increase landdiding and the Estimating impairment of sediment supply: Average sediment | Collinset a.
supply of coarse sediment (>2 mm diameter) to stream supply for each sub-basin estimated based on average (1994), Dietrich
channels, athough fine sediments (< 2 mm diameter) arealso | sediment supply rates for 13 combinations of geology and et a. (1989),
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delivered by mass wasting. Large increases in coarse vegetation cover (Landsat * 93), which were derived from nine | Lide (1982),

sediment supply tend to fill pools and aggrade the channdl, sediment budgets conducted within the basin. Using GISwe | Lide(1989),

resulting in reduced habitat complexity and reduced rearing calculated average current sediment supply for each sub- Lunettaet al.

capacity for some salmonids. Large increases in total basin, and the average increase over the natural sediment (1997), Madg

sediment supply to a channel aso tend to increase the supply for each sub-basin (current/natural). Sediment supply | and Ozaki

proportion of fine sediments in the bed, which may reducethe | processis considered “functioning” where average sediment (1996), Paulson

surviva of incubating eggs in the gravel and change benthic supply is <100 mP/km?/yr, or where average sediment supply (1997), Peterson

invertebrate production. Landform and landuse both is>100 nT/kmP/yr but <1.5 times the natural rate. Sediment eta. (1992),

influence mass wasting rates. Most sediment from mass supply is“impaired” where average sediment supply is >100 Renison (1998),

wasting originates from inner gorge landforms (steep, stream | m°/km*/yr and >1.5 times the natural rate. Sdleet d.

adjacent slopes). On average, these areas cover lessthan 20% | Forest road inventory - identify sediment reduction projects:. (1985)

of the mountain basins in the Skagit but produce about 75% The inventory rates factors that influence road-related

of the sediment delivered to streams. Hillslopes >30° arealso | landslides and the consequences of landdides. All ratings

generdly unstable tending to produce shdlow-rgpid concerning the likelihood of landdiding are summed, and then

landdlides from bedrock hollows or channel headwalls. multiplied by arating of the likelihood that significant stream

Hilldopes <30° are generally stable. Deep-seated failures, resources will be impacted. The final value, called the risk

usually located in glacia deposits or phyllite, have high mass | rating, ranks roads with respect the threat that they pose to

wasti ng and de“very rates to streams. Comparaj to mature salmon habitat. ngher risk rati ngs indicate greater chance

forest, the increase in mass wasting rates for clearcut forests | that aroad will fail and impact ssimon habitat. Final ratings

and forest road areas averages about 6 and 44 times higher, were grouped into three categories of risk. A rating >30 is

respectively. high, 16 to 30 is moderate, and <15 is low.

Riparian Function

Clearing of riparian forests can alter large woody debris Remote sensing assessment: Riparian forests that can produce | Abbe and

(LWD) recruitment to streams; which in turn aters the habitat | 80% of potential late-seral LWD recruitment over time (>40 | Montgomery

characteristics of streams. Reduced LWD recruitment m wide) are considered “functioning.” Riparian forests (1996), Beechie

persists for severa decades, leading to declining LWD producing 50% to 80% of the potential late-seral recruitment and Sibley

abundance in the first few decades and sustained low LWD (20 to 40 mwide), are considered “moderately impaired.” (1997), Bilby

abundance between 50 and 100 years after the disturbance. A | Buffer widths less than 20 m are considered “impaired.” We | and Ward

change in LWD abundance dters fish habitat characteristics | estimated the proportion of impaired, moderately impaired, (1991), Hicks et

such as pool spacing, pool area, and pool depth, and this and functioning riparian forests by using LANDSAT a. (1991),

alteration of habitat characteristics causes changes in the classifications of vegetation. Lunetta et al.

samonid carrying capacity of a stream. FHed inventory: Ratings are the same as above. In additionto | (1997),
documenting forested buffer width, field inventories so Montgomery et
classify stand types by species mix and seral stage, which al. (1995),
gives us sufficient information to prescribe generalized Murphy and
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management regimes for each segment of riparian forest. Koski (1989),
Inventories also identify areas of livestock access and Murphy et a.
potential fencing projects. (1985)
Channel-floodplain
Disconnecting rivers from their flood plains changes the Flood plain areas were delineated where the 100-year flood Beamer and
ability of a stream to supply, transport, or store one or more of | plain was greater than two channel widths using Federal Henderson
the inputs: water, sediment, and wood. This congtrains the Emergency Management Agency mapsor U. S. Geological (1998), Hayman
formation and maintenance of habitat within flood plains. Survey 7.5-minute quadrangles and aerial photographs. et a. (1996),
Stream bank hardening (hydromodification) prevents channel Reach breaks were based on differences in flood plain width | Ward and
migration, reduces LWD recruitment, and typically narrows and changes in channel pattern. Hydromodified areas were Stanford (1995)
and steepens channels increasing both sediment and water delineated on copies of aeria photos by rafting or jetboating
transport rates. Mainstem channels in the Skagit dominated each main channel within flood plain reaches, then digitized
by hydromodification exhibited less diversity in edge habitat into a GIS arc theme.
types and less edge habitat area than non-hydromodified
mainstem reaches. Juvenile chinook and coho salmon
abundance was strongly correlated to wood and other natural
cover types when compared to riprap or rubble cover,
commonly used for stream bank hardening.
Isolated habitat
Isolation of habitat by levees and culverts has dramatically M an-made barriers to anadromous fish habitat are identified Beechieet a.
reduced carrying capacity of the Skagit basin over the past through a systematic field inventory of channel crossing (1994), Collins
150 years. Thisincludes blockages that impede upstream structures (cul verts, tidegates, bridges, dams, and other (1998), WDFW
migration of adult salmon seeking suitable spawning areasas | manmade structures). The inventory identifies the type and (1998)

well as blockages to other life stages such as juvenile rearing
habitat in both the freshwater and estuarine environment.
Some isolated habitat can be recovered by smply removing
the barrier (e.g., re-building road crossings that block
passage), whereas others will require feasibility studiesto
determine arange of possible dternatives to accommodate
both fish use and existing land use.

physical dimensions of structures as well as physica attributes
necessary for modeling water flow conditions and comparing
results to passage criteria for salmonids.
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Table A-2. Designation of generdized habitat types. Key habitat is critica (i.e., required for the
persistence of a dominant life history type) for at least one life stage or is preferred habitat type
by the majority of life stages considered. Secondary habitat (sec) does not provide critical habitat
for any life stage and is not a preferred type by the magjority of life stages considered.

Totd Percent Overdl
number of dl  designation
of life stages for
life  designated “pristing’
Reach-leve habitat  Chum Coho Chinook Steel- Pink stages  “key” or habitat
type head examined “critica”
Tributaries reaches:
Ponds (including sec critica  key key sec 10 60% key
beaver ponds and
other wetlands with
sgnificant
openwater area)
Poal riffle key  key key key key 10 90% key
Forced pooal riffle sec  key key key  key 10 85% key
Planebed seC  Sec sec Sec | sec 10 0% sec
Step-pool seC  sec Sec key ' sec 10 15% sec
Cascade SeC  sec sec key sec 10 15% sec
Main river reaches:
Main channel Sec  sec sec key sec 10 15% sec
floodplain< 2
channd widths
Main channel key  sec key key key 10 80% key
floodplain> 2
channel widths
Off-channel habitat key critical  key sec  sec 10 60% key
(e.g., ponds,
doughs, side
channel's, oxbow
lakes)
Estuary:
Eduarineor tiddly key sec  critical sec sec 5 40% key
influenced
wetlands
Blind channel key key criticd sec sec 60% key
Subsidiary channd key  key key sec  key 5 80% key
Main channel key  key key sec  key 5 80% key

ol
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Table A-3. Magnitude of peak flows for the lower Skagit River before and after flood storage capability.
Estimates for the period prior to flood storage capability on the Skagit are from a gage near Sedro
Woolley (river km 36), reported in Williams et d. (1985). Estimates for the period after flood

storage capability are from Sumioka et a., (1998) using data from the gage near Mount Vernon
(river km 25).

Flood return Before flood storage After flood storage

period (years) (cms) (cms)
2 3,147 1,830

5 4,735 2479

10 5,862 2,934

25 7,361 3,540

50 8,528 4,015

100 9,734 4,508

Table A-4. Didribution of 234 field-sampled riparian sites by GIS-based land cover type.

Late-seral Mid-seral  Early-seradl Other Non-forest

forest forest forest forest (n=77)
(n=24) (n=13) (n=24) (n=96)
< 20 m forested buffer 0% 8% 8% 42% 90%
“impaired’
20-40 m forested buffer 0% 0% 1% 15% 6%
“moderately impaired”
> 40 m forested buffer 100% 92% 88% 43% 4%

“functioning”
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Ultimate Controls:

Watershed
Geology || Climate Size
Proximate Contr%/ Gross Reach
Vegetation Seipinel e
Roads
Impervious
Landscape
Processe
Sediment Hydrologic | |Riparian
supply and routing | processes functions
processes
Habitat conditions Type, amount, quality

Figure A-1. Simplified flow chart depicting interactions between watershed controls and processes
resulting in physical habitat conditions. Shaded boxes represent components that are not
influenced by land and resource management while unshaded boxes represent components that
are influenced by land and resource management. Pathways for water quality and nutrient
cycling are not depicted in this flow chart.
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Figure A-2. Location, land use pattern (A), and area of historical sdlmon access in the Skagit River basin
in Washington State (B).
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[ ] Functioning
I Very Likely Impaired

[ | Likely Impaired
=H Lowland Basin

/% Funetioning
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Moderately Impaired

Figure A-3. Sub-basinsin forested mountain areas of the Skagit River basin where pesak flow islikely
impaired (A), and streams in lowland basins where peak flow is planned to be impaired (B).
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Forest Road Inventory Status:

N Completed

/"./ Not Completed

[ | Functioning 15
[ Impaired Y e
Data not available || 4

7 Lowland Basins, no analysis

Sub-basin sediment supply: / i

Forest Road Hazard Rating:
N high
low
N moderate

Masswasting Map Unit Type:
Maturally Unvegetated, low hazard
[ ] Hillslope < 30 degrees, low hazard
[] Hillslope = 30 degrees, moderate hazard
B Inner Gorge, high hazard

Figure A-4. Sediment supply ratings for mountain basins and status of forest road inventory throughout
the Skagit basin (A), and example of detail for road segments and landdide hazard unitsin the
Bacon Creek watershed (B).
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Functioning

/\/ Impaired

Unknown

[ ] Non-anadromous, Upstream of Dams
[ ] Field Inventory Completed
[] Field Inventory Not Completed

Figure A-5. Map of riparian areas likely impaired or functioning in the Skagit River basin. Shaded sub-
basins are where field-based riparian inventories have been completed.
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Figure A-6. Estimated percentage of riparian category (impaired, moderately impaired, and functioning)
aong non-mainstem channels in the anadromous zone of the Skagit River basin.
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Inventoried Manmade Barriers to Fish Access
Channels in the historical anadromous zone

Hardened or Diked Streambanks (Large Mainstems only)
Hoodplain and Alluvial Fan Areas

022

Figure A-7. Location of hydromodification and man-made barriers (Lower Skagit basin only.
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Y > d /\/ Important
1 = Isolated or Degraded

] 0%- 20% Key
] >20%- 40% Key
>40% - 60% Key
>60% - 80% Key
>80% - 100% Key
[ ] Critical Contributing Area

] Non-anadromous, upstream of dams
[]Sub-basin Sediment Supply or Hydrology Impaired

Figure A-8. Digtribution of generalized habitat types throughout the Skagit River basin with example of
detail for the delta region.
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APPENDIX B. ESTIMATING CHINOOK SPAWNER

CAPACITY FOR THE STILLAGUAMISH RIVER

[This section isin development/awaiting content.]
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APPENDIX C. WILLAMETTE CASE STUDY PRIMARY
QUESTIONSAND EXPECTED PRODUCTS/LCW PROJECT

—8/31/01

[This section isin devel opment/awaiting content.]
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APPENDIX D. STEPSFOR PUGET SOUND ESU ANALYSIS

[This section isin devel opment/awaiting content.]

[End of draft Appendices|

[End of draft document]



